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Bulletin  of  the  Scientific  Laboratories  of  Denison    Univer- 
sity, Granville,  Ohio. 


EDITORIAL    STATEMENT. 

Every   well  conducted  institution  of  learning  should  form  a  recog- 
nized centre  of  scientific  activity  ;  and  legitimately  concerns  itself,  not 
only  with  the  instruction  of  those  who  directly  entrust  themselves  to 
its  charge,  but  with  the  dissemination  and  conservation  of  information 
relating  to  the  subjects  taught.       Moreover,  in  connection   with  the 
laboratory  drill,  it  often  happens  that  facts  of  general  scientific  interest 
are  brought  to  light  which  the  student  may  be  ill  prepared  to  appreciate 
in  all  their  bearings.       Such  facts,  if  preserved,  may,  at  another  time, 
become  very  valuable,  while,  if  not  thus  preserved,  they  would  be  lost. 
Still  again,  instructors  will,  as  a  rule,  be  unable  to  instill  enthusiasm  if 
thev  themselves  do  not  come   in  contact  with  nature  at  first  hands, 
while   the  fragments  of  time,  which  are  often  frittered  away,  can   be 
made  most  useful  to  themselves  and  others  by  being  applied  to  studies 
in  advance  of  the  work  required  by  the  curriculum. 

The  present  publication,  which  we  are  able  to  present  through  the 
generous  co-operation  of  numerous  friends,  is  a  step  toward  filling  a 
need  hinted  at  in  the  above  paragraph.  The  bulletin  is  intended  to 
represent  the  life  of  the  college  in  its  scientific  departments  and  may 
incidentally  serve  to  illustrate  to  distant  friends  the  facilities  for  work 
afforded,  as  well  as  needs  still  unsupplied.  To  the  scientific  students  of 
the  country  we  confidently  appeal  for  support  and  indulgence,  since  it 
is  hoped  to  devote  an  increasingly  large  portion  of  space  in  each  number 
to  technical  papers  which  have  more  interest  to  the  student  than  to  the 
general  public.  To  the  teacher,  with  still  greater  confidence,  we  look 
for  encouragement,  as  it  is  entirely  in  the  interest  of  better  school  work 
that  this  bulletin  is  prepared.  While  limited  means  has,  in  this  first 
number,  prevented  the  use  of  costly  illustrations,  it  is  hoped  that  the 
generous  patronage  of  this  volume  will  enable  us  to  extend  to  the  con- 
tributors to  the  following  one  more  elegant,  if  not  more  perspicuous 
graphic  aids. 


A  considerable  number  of  papers  prepared  for  this  number  have 
1>een  necessarily  delayed,  on  account  of  the  limited  space  allotted,  and 
yet  our  limits  have  been  extended.  The  lithographs  were  executed  by 
the  editor  and  printed  by  a  process  making  them  cheaper  than  any  other 
available,  and  any  failure  to  realize  the  ideal  of  such  work  will,  no 
doubt,  be  pardoned  on  this  account. 

For  information  relating  to  the  departments  here  represented,  the 
reader  is  referred  to  the  advertisement  appearing  elsewhere.  The  fact 
that  the  chemical  laboratory  has  afforded  us  no  material  for  this  num- 
ber, may  be  attributed  to  the  change  in  administration  in  that  depart- 
ment, occasioned  by  the  death  of  the  lamented  Prof.  Osbun. 


I. 

THE  EVENING  GKO^W£sAY^—Hesperiphona  vcspertina,  Bonap, 

[Plate  I  and  Frontispiece.] 

Among  the  rarities  in  the  cabinet  of  most  ornithological  collectors 
is  the  Evening  Grosbeak,  which  excites  interest  as  much  by  its  com- 
parative rarity  and  exceeding  capriciousness  in  distribution  as  on  ac- 
count of  its  odd  note  and  eccentric  behavior.  First  found  by  Mr. 
Schoolcraft,  in  1823,  near  Sault  St.  Marie,  in  Michigan,  it  was  de- 
scribed by  Cooper.  The  indefatigable  naturalist,  Sir  John  Richard- 
son, encountered  it  upon  the  Saskatchewan,  where  seems  to  be  its  nat- 
ural home,  and  from  whence  it  issues  forth,  guided  by  any  whim,  and 
wanders  far  to  the  East  and  South,  though  seeming  to  avoid  the  coast. 
The  genus  is  Asiatic  and  our  two  species  are  obviously  derived  from 
the  Old  World,  via  Alaska.  In  Europe  there  is  a  closely  allied  genus 
Coccothraustcs,  which  differs  in  the  shape  of  the  secondary  wing  feath- 
ers. The  genus  is  distinguished  from  all  other  finches  of  the  United 
States  by  the  very  large  beak  and  the  following  points : 

'*  Feet  short  ;  tarsus  less  than  the  middle  toe  ;  lateral  toes  nearly  eciual,  and 
reaching  to  the  base  of  the  middle  claw.  Claws  much  curved,  stout,  compressed. 
Wings  very  long  and  pointed,  reaching  beyond  the  middle  of  the  tail.  Primaries 
much  longer  than  the  nearly  equal  secondaries  and  tertials ;  outer  two  (juills  long- 
est ;  the  others  rapidly  graduated.  Tail  slightly  forked  ;  scarcely  more  than  two 
thirds  the  length  of  the  wings,  its  coverts  covering  nearly  three-fourths  of  its 
extent." — Baird. 

[In  America  we  have  the  two  species,  H.  vespcrtina  (with  its  two 
varieties),  and  H.  abeil/ii,  Scl.,  which  lives  in  the  moimtainous  per- 
tions  of  Mexico,  southward.] 

In  very  few  places  in  the  United  States  does  this  l)ird  appear  with 
sufficient  constancy  to  be  set  down  as  more  than  an  accidental  visitor. 
In  this  respect  Minneapolis,  Minn.,  is  particularly  favored  for,  during 
a  numl)er  of  years,  these  grosbeaks  have  rarely  failed  to  make  a  longer 
or  shorter  winter  visit,  sometimes  coming  early  in  the  Autumn  and  re- 
maining until  the  trees  are  in  full  leaf,  when,  in  a  few  cases,  their  much 
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mooted  song  has  l>cen  heard.  The  most  eastern  point  yet  reached  by 
these  birds  seems  to  l)e  Cleveland,  Ohio,  and  isolated  cases  of  their  oc- 
currence in  Wis<:onsin  and  Illinois  are  also  known.  The  species  is 
highly  gregarious  and  individuals  are  rarely  or  never  met  with  singly. 
Even  the  destructive  inroads  of  the  collector,  before  whom  they  are 
al>sfjlutely  defenseless,  do  not  scatter  or  break  up  the  flock.  Unsus- 
pecting and  without  fear,  they  continue  to  feed  until  the  last  individual 
falls  a  victim.  The  migrating  colony  seems  well  satisfied  with  itself 
and  its  temjiorary  home  and,  while  feeding,  a  constant  chorus  of  an- 
swering cries  is  kept  up.  The  note  is  not  loud  but  is  remarkably 
piercing,  and  yet  not  unmelodious.  The  early  belief  that  these  birds 
are  silent  except  at  evening  is  entirely  erroneous.  In  spring,  upon  the 
approach  of  the  breeding  season,  the  males  cultivate  the  muses  in  an 
(xld  but  not  displeasing  little  song.  This  song  consists  of  several  suc- 
cessive repetitions  of  a  short  warble,  followed  by  a  similar  strain  clos- 
ing with  a  shrill  cry,  like  the  finale  of  a  black-bird's  song.  The  phrase 
which  makes  up  the  body  of  the  song  is  musical,  but  is  so  abruptly  ter- 
minated (as  though  from  lack  of  breath  or  of  ability, )  that  it  is  annoy- 
ing when  heard  singly,  for  one  is  subjected  to  much  the  same  nervous 
expectancy  felt  in  listening  to  a  hen's  cackle  when  quite  leisurely 
**  working  up  the  agony"  sufficiently  to  sound  the  final  note.  A 
flock  of  a  dozen  or  more  singing  together  produce  a  very  musical  ef- 
fect. The  food  almost  entirely  consists  of  the  seeds  of  various  trees, 
among  which  the  box  elder,  the  maple,  poplar,  and  pine  are  pre-emi- 
nent. Huds  of  cherry  and  other  trees  are  also  eaten,  and  this  regime 
is  varied  by  occasional  insect  larvae,  etc. 

().  H.  Johnson,  who  mentions  this  grosbeak  from  the  Williamette 
valley,  speaks  of  it  as  plentiful  during  migrations,  and  states  that  **  the 
only  note  heard  was  a  loud  ' yeeip,'  strikingly  like  the  call  of  a  lost 
<  hicken."  Of  the  nest  and  eggs  we  as  yet  know  nothing,  and  so  of 
the  many  interesting  traits  which  make  up  the  sum  of  its  true  home- 
life  we  must  be  content  to  remain  ignorant.  From  its  inaccessable 
summer  home  it  continues  to  descend  during  the  severe  winter  weather 
and,  almost  under  the  very  roofs  of  the  factories  of  a  busy  city,  con- 
tentedly passes  the  short  days,  heedless  of  the  noise  and  regardful  only 
of  the  oily  kernels  of  the  keys  of  the  box  elder,  which  it  displays 
a  very  awkward  skill  in  plucking  as  it  swings  (head  downwards  or  oth- 
erwi.se)  from  the  i)endulous  branches. 

These  brief  remarks  are  designed  simply   as  introductory  to   the 
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Tiotes  on  the  osteology  apijcndcd.       Before  preceding  to  these  the  fol- 
liiwing  description  will  siifRce  to  make  the  bird  recognijiable. 

^,  rhar.  Hill,  yellovi-ih  green,  du<ky  3l  base  ;  aiilerint  half  of  body  dusky 
rcllowub  olive,  ^bsiling  into  yellow  10  rhe  rum]>  above,  nnd  ibe  uiuler  tail  coverts 
below.  Outer  scapulnrt,  a  broad  rranlal  bond  CDiitiiiued  on  e*L-h  tide  over  [tlb 
eye,  nxillaricA,  anil  middle  of  under  wing  coverI<i,  yellow.  Feathers  along  the  ex- 
Iremc  base  of  bill,  (he  cruwn.  tibiae,  wings,  upper  tail  coverts,  and  tail,  black. ;  in- 
ner g'eaier  wing-coverli  and  tertiariea,  while.  Length.  7  .}o,  wing.  4.30,  tail,  2.7_v 
In  the  remile  the  hesd  and  tnckisdull  olivnceoua  bruwii,  Below,  the  body  i& 
luUe  yeIlowt>.h  nsh.  There  <!.  va  obscure  binck  line  on  either  side  the  chin.  There 
li  mure  while  upon  the  wings  »nil  l.iil.  (See  plale.  wbith  Is  inlcnderf  lo  give 
simply  Khc  Uiii  rus/rnUr  without  strict  aecurncy  as  to  uolor.J 

Osttulogy  of  Hesperiphona  wsptrlim. 

The  anatomy  of  the  Evening  GrosbLMk  is  of  more  than  usual  inlcr- 
wt.  not  only  on  account  of  the  rarity  of  the  bird  and  the  air  of  mystery 
which  has  associated  itself  with  it,  but  because  it  stands  at  the  head  of 
Ameiican  Fringillidiif,  by  virtue  of  possessing  the  extreme  deveIo[>- 
meni  of  the  finch  type  of  slriiclure.  Our  observations  are  Iwsed  on 
the  study  of  three  more  or  less  perfect  skeleta,  which,  so  far  as  we 
know,  are  the  first  which  have  been  studied. 

TX/  skuH.  The  most  striking  i>eiuliarities  of  the  skull  are  lho.se 
which  are  cordaied  with  the  extraordinary  development  of  the  beak. 
The  angle,  for  in.stance,  formed  by  the  i]uadratojugaI-jugal  Ijony  pillar 
with  the  lower  margin  of  the  maxilla  is  greater  than  usual,  chiefly  on 
account  of  the  great  size  of  the  ijuadrale  bone.  In  this  way  a  firm 
support  is  aflbrded  to  the  upper  Jaw.  Uiil  we  [jass  to  a  detailed  de- 
-teription.  As  seen//Tw  uAifw.  the  skull  is,  in  outline,  a  perfect  trian- 
gle, with  a  narrow  rounded  l)a.se.  The  apex  of  the  triangle  is  formed 
hy  the  remarkably  large  and  strong  (though  correspondingly  very  light) 
beak.  The  Iwnes  entering  the  beak  are  cancellated  within,  forming  a 
firm  but  light  organ.  These  bones  are,  first,  the  prenuixUla,  which 
makes  up  the  bulk  of  the  bony  frame-work  of  the  beak  and  is  early 
anchylosud  with  the  maxillaries  in  the  family  under  consideration. 
Although  we  can  not  sepiiraie  the  parts,  we  may  distinguish  in  the  max- 
illaty  bone  a  superior  or  nasal  |jroces8  which  separates  the  opening  of 
the  nares  and  unites  with  the  na.sal  bones,  two  lateral  or  maxillary  ]jro- 
cesses,  and  two  palatine  processes  whic 
The  distance  from  the  apex  of  the  lieak  h 
inches,  the  distantc  between  them,  . 


J  lateral  o 

mouih-ojiening- 

The  nasals  are  inseparably 
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EDITORIAL    STATEMENT 

Every  well  conducted  institution  of  learning  should  form  a  recog- 
nized centre  of  scientific  activity  ;  and  legitimately  concerns  itself,  not 
only  with  the  instruction  of  those  who  directly  entrust  themselves  to 
its  charge,  but  with  the  dissemination  and  conservation  of  information 
relating  to  the  subjects  taught.       Moreover,  in  connection  with  the 
laboratory  drill,  it  often  happens  that  facts  of  general  scientific  interest 
are  brought  to  light  which  the  student  may  be  ill  prepared  to  appreciate 
in  all  their  bearings.       Such  facts,  if  preserved,  may,  at  another  time, 
become  very  valuable,  while,  if  not  thus  preserved,  they  would  be  lost. 
Still  again,  instructors  will,  as  a  rule,  be  unable  to  instill  enthusiasm  if 
they  themselves  do  not  come   in  contact  with  nature  at  first  hands, 
while  the  fragments  of  time,  which  are  often  frittered  away,  can   be 
made  most  useful  to  themselves  and  others  by  being  applied  to  studies 
in  advance  of  the  work  required  by  the  curriculum. 

The  present  publication,  which  we  are  able  to  present  through  the 
generous  co-operation  of  numerous  friends,  is  a  step  toward  filling  a 
need  hinted  at  in  the  above  paragraph.       The  bulletin  is  intended  to 
represent  the  life  of  the  college  in  its  scientific  departments  and  may 
incidentally  serve  to  illustrate  to  distant  friends  the  facilities  for   work 
afforded,  as  well  as  needs  still  unsupplied.       To  the  scientific  students  of 
the  country  we  confidently  appeal  for  support  and  indulgence,  since  it 
is  hoped  to  devote  an  increasingly  large  portion  of  space  in  each  number 
to  technical  papers  which  have  more  interest  to  the  student  than  to  the 
general  public.       To  the  teacher,  with  still  greater  confidence,  we  look 
for  encouragement,  as  it  is  entirely  in  the  interest  of  better  school  work 
that  this  bulletin  is  prepared.       While  limited   means  has,  in  this  first 
number,  prevented  the  use  of  costly   illustrations,  it  is  hoped  that  the 
generous  patronage  of  this  volume  will  enable  us  to  extend  to  the  con- 
tributors to  the  following  one  more  elegant,  if  not  more   perspicuous 
graphic  aids. 
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united  and  form  a  quadrate  bone  making  an  angle  of  25°  with  the  cul- 
men  or  upper  line  of  the  beak,  their  combined  width  is  .45,  and  they 
form  the  posterior  borders  of  the  nares,  being  united  laterally  with  the 
maxillaries,  anteriorally  with  the  intermaxillary,  below  with  the  lachry- 
mals, and  posteriorly  with  the  frontals.  The  distance  from  the  angle 
of  the  mandible  to  the  top  of  the  nasals  is  .40.  Occupying  the  top 
of  the  skull,  and  apparently  restricted  to  the  space  between  the  orbits, 
are  the  concdix a  /rentals.  The  distance  between  the  orbits  is  about 
.35.  The  remainder  of  the  roof  of  the  skull  is  formed  by  the  con- 
fluent parietals  which  occupy  a  larger  area  than  usual  on  the  top  and 
back  of  the  skull.  From  above  can  be  seen  a  small  prominence  be- 
hind, which  covers  the  cerebellum,  and  hence  is  called  the  cerebellar 
prominence.  The  sides  of  the  triangle  are  continued  backward  from 
the  ends  of  the  maxillaries  by  a  slender  rod  consisting  of  the  quadra- 
tojugal  and  \k\^ju^al  which  can  be  studied  to  advantage  when  the  skull 
is  viewedyVf?/;/  the  side.  In  this  position  the  skull  is  seen  to  present 
the  outline  of  two  triangles,  the  smaller  of  which,  forming  the  beak,  is 
set  at  an  angle  of  45°  with  the  other.  The  cutting  edges  of  the  jaw 
(tontia),  supported  chiefly  by  the  maxillary  bones,  are  slightly  curved. 
The  tomia  are  .80  long.  The  slender  rod  passing  backward  and 
downward  and  forming  the  lower  outline  of  the  second  triangle  is,  in 
the  young,  composed  of  two  bones,  the  jugal  and  quadratojugal. 
Their  combined  length  is  .54,  the  posterior  articulation  being  upon  the 
outermost  process  of  the  peculiar  quadrate  bone.  This  bone  is  con- 
sidered the  homologue  of  the  little  ear  bone  of  mammals,  known  as 
the  malleus,  but  in  birds  has  a  very  important  function — that  of  giving 
the  necessary  movability  and  yet  stability  to  the  beak.  It  is  the  point 
of  attachment  of  the  two  important  supports  of  the  facial  part  of  the 
skull.  The  form  of  the  (juadrate  is  very  irregular,  consisting  of  a 
body  and  six  processes.  The  styloid  process  is  the  largest  and  is  that 
which  connects  the  bone  with  the  base  of  the  skull  ;  it  is  a  flattened 
vertical  pillar  with  a  large  articular  surface;  jutting  out  anteriorly  is  the 
orbital  process,  about  .30  long,  which  extends  into  the  orbit.  Just 
below  the  orbital  is  the  pterygoid  process  of  rather  small  size.  The 
mandiblar  end  bears  two  curved  processes  so  situated  that  the  glenoid 
surfaces  oppose  the  rami  from  within  and  behind,  while  the  jaw  is  com- 
pletely locked  by  the  large  articular  process  of  the  mandible.  A  more 
complete  articulation  could  scarcely  be  conceived.  The  malar  pro- 
cess extends  out  horizontally  and  offers  an  oblique  surface  to  the  head 


I. 

THE  EVENING  GROSBEAK— //<?5/cr////^;f^  vespertina,  Bonap. 

[Plate  I  and  Frontispiece.] 

Among  the  rarities  in  the  cabinet  of  most  ornithological  collectors 
is  the  Evening  Grosbeak,  which  excites  interest  as  much  by  its  com- 
parative rarity  and  exceeding  capriciousness  in  distribution  as  on  ac- 
count of  its  odd  note  and  eccentric  behavior.  First  found  by  Mr. 
Schoolcraft,  in  1823,  near  Sault  St.  Marie,  in  Michigan,  it  was  de- 
scribed by  Cooper.  The  indefatigable  naturalist,  Sir  John  Richard- 
son, encountered  it  upon  the  Saskatchewan,  where  seems  to  be  its  nat- 
ural home,  and  from  whence  it  issues  forth,  guided  by  any  whim,  and 
wanders  far  to  the  East  and  South,  though  seeming  to  avoid  the  coast. 
The  genus  is  Asiatic  and  our  two  species  are  obviously  derived  from 
the  Old  World,  via  Alaska.  In  Europe  there  is  a  closely  allied  genus 
Coccofhraustes,  which  differs  in  the  shape  of  the  secondary  wing  feath- 
ers. The  genus  is  distinguished  from  all  other  finches  of  the  United 
States  by  the  very  large  beak  and  the  following  points : 

**  P'eet  bhort  ;  tarsus  less  than  the  middle  toe  ;  lateral  toes  nearly  eciual,  and 
reaching  to  the  base  of  the  middle  claw.  Claws  much  curved,  stout,  compressed. 
Wings  very  long  and  pointed,  reaching  beyond  the  middle  of  the  tail.  Primaries 
much  longer  than  the  nearly  equal  secondaries  and  tertials  ;  outer  two  quills  long- 
en  ;  the  others  rapidly  graduated.  Tail  slightly  forked  ;  scarcely  more  than  two 
thirds  the  length  of  the  wings,  its  coverts  covering  nearly  three-fourths  of  its 
extent." — Baird. 

[In  America  we  have  the  two  species,  //.  vespcrtina  (with  its  two 
varieties),  and  //.  abeillii\  Scl.,  which  lives  in  the  mountainous  por- 
tions of  Mexico,  southward.  ] 

In  very  few  places  in  the  United  States  does  this  l)ird  appear  with 
sufficient  constancy  to  be  set  down  as  more  than  an  accidental  visitor. 
In  this  respect  Minneapolis,  Minn.,  is  particularly  favored  for,  during 
a  number  of  years,  these  grosbeaks  have  rarely  failed  to  make  a  longer 
or  shorter  winter  visit,  sometimes  coming  early  in  the  Autumn  and  re- 
maining until  the  trees  are  in  full  leaf,  when,  in  a  few  cases,  their  much 
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this  process,  which  descends  below  the  level  of  the  jugal,  a  nearly  ver- 
tical plate  extends  upward  to  form  a  sliding  sheath  which  clasps  the 
presphenoid  and  plays  back  and  forward  upon  it.  The  flattened  ends 
of  the  long  {.^o)  pterygoids  are  fused  with  these  vertical  plates  by  ex- 
panded, overlapping  plates.  There  are  two  curved  flanges  springing 
from  the  point  where  the  pterygoids  unite  with  the  palatals.  The  eth- 
mO'turbinal  plates  are  more  or  less  ossified  and  are  seen  on  either  side 
of  the  rudiment  of  the  vomer.  The  pterygoids  are  stout  but  very 
unusually  long  and,  on  account  of  the  size  and  position  of  the  quad- 
rate bones,  are  quite  distant  from  the  basis  cranii.  Near  the  point  of 
union  of  the  pterygoid  with  the  quadrate  bone,  a  small  hooked  process, 
about .  12  long,  extends  upward  from  the  former  bone.  What  the  use 
or  the  homologies  of  these  processes  may  be,  we  do  not  know,  although 
they  occur  in  finches  and  in  other  birds. 

At  the  posterior  of  the  two  mandiblar  processes  of  the  quadrate 
bone  is  a  bone  as  large  as  the  head  of  a  large  pin,  but  of  irregular 
shape,  which  may  be  regarded  as  either  a  sesamoid  contributing  to  lock 
the  jaw  or  an  independent  portion  of  the  quadrate.  There  is  also  a 
very  minute  sesamoid  at  the  union  of  the  quadrato-jugal  and  the  quad- 
rate. The  lower  jaw  shows  no  evidcMice  of  its  composite  character. 
The  whole  anterior  half  is  enlarged  and  forms  a  simple  trough  of  can- 
cellous bone  which  may  be  assumed  to  consist  of  the  dentary  elements 
of  both  rami.  The  surangular,  angular  and  splenial  elements  of  the 
rami  are  not  distinguishable.  The  articular  portion  consists  of  a  huge 
flange,  extending  inward  and  upward  and  is  perforated  at  the  middle  of 
its  inner  surface  for  the  entrance  of  Meckel's  cartilage. 

What  corresponds  to  the  surangular  portion  is  a  broad  triangular 
plate  extending  upward  inside  the  jugal  bones  and  serving  to  further 
lock  the  jaw.  Thus,  as  we  have  seen,  the  whole  skull  is  modified  in 
harmony  with  the  enormous  rhinencephalic  development. 

The  hyoid  arch  is  well  developed  and  consists  of  seven  bones, 
whose  homologies,  in  the  present  state  of  our  knowledge,  cannot  be 
made  out.  The  anterior  pair  are  pointed  before  and  behind  and  at- 
tached at  the  middle  to  each  other  and  the  end  of  the  azygos  bone 
which  next  follows.  The  first  mentioned  bones  are  called  cnioglossal^ 
by  Gegenbaur,  by  some  American  authors,  ccratohyah,  with  no  real 
evidence  that  they  arc  homologous  with  the  bones  so  called  in  other  ani- 
mals. The  following  element  may  be  called  basihyal  {^copula  of 
Geg^^nbauer,)  and  is  flattened  to  form  a  vertical  plate  and  bears  on 
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Other  side,  posteriorly,  the  cornua,  whicli  each  consists  of  one  straight 
shaft,  .50  long,  and  a  shorter  fusiform  segment.  Between  ihese  the 
urohyal  extends  backward  as  a  support  to  the  trachea.  The  atlas 
and  axis  are  fused  together  more  or  less  fully.  There  is  no  neural 
spine  on  the  atlas,  but  its  dorsal  surface  is  perfectly  plane.  The  axis, 
or  second  cervical  vertebra,  has  a  well  developed  spine  and  posterior 
zy^apophyses  and  also  a  very  targe  haemal  spine,  which  curves  back- 
ward. The  third  cervical  \tii&  a.  smaller  neural  spine  and  its  poste- 
rior lygapophyses  project  upward.  Its  haemal  spine  (hypapophysis) 
curves  forward.  There  is  a  slight  inferior  lamella  of  its  transverse 
process.  The  fourth  cervical  introduces  a  new  type,  having  a  low 
spine,  nearly  horizontal  posterior  zygapophyses,  and  elongated  styloid 
inferior  lamellic.  It  has  a  smaller  hamal  spine.  The  following  cer- 
vicals  have  no  neural  or  hsnial  spines,  the  posterior  zygapophyses  de- 
cline, and  the  styloid  appendages  are  very  long,  The  thirteenth  and 
fourteenth  (last)  cervical.s  have  pleuropophyses  (ribs),  those  of  the 
former  being  mere  rudiments,  while  those  of  the  latter  are  large  but 
have  no  connection  with  the  sternum.  These  verlebrie,  in  common 
with  the  first  of  the  dorsals,  have  strong  hasmal  spines.  They  also 
have  the  capitula  process  well  developed  to  receive  the  head  of  the 
rib.  The  transverse  process  has  its  normal  tubercular  facet  to  sus- 
tain the  tubercle  of  the  rib.  There  are  six  dorsal  vertebrcB,  which 
are  more  or  less  firmly  co-ossified.  The  transverse  processes  are 
large  and  the  spines  of  uniform  size.  The  last  dorsal  is  firmly  united 
with  the  following  nine  vertebrae,  which  form  the  vertebral  framework 
of  the  sacrum.  Seven  free  vertebrte  follow,  forming  the  free  caudal 
series.  Each  of  these  has  a  strong  transverse  process  and  a  more  or 
less  perfect  neural  spine.  Upon  the  last  two  there  are  also  haemal 
spines.  The  last  bone  or  pygoslyh  is  remarkable  for  the  great  devel- 
opment of  its  neural  spine. 

The  sternum  is  normal  for  the  group  and  is  t.ao  inches  long.  The 
keel  is  well  developed,  being  .50  high.  The  mid-xiphoid  process  is 
.40  wide  at  the  end.  The  lateral  xiphoiis  are  separated  by  an  excis- 
ion one  half  as  wide  and  rather  more  than  .40  deep.  The  transverse 
sl«Tnal  angle  (that  between  the  two  sides  of  the  body  of  the  sternum,) 
is  sharp  and  considerable.  The  costal  processes  are  strong,  while  the 
coracoid  grooves  are  .25 '"  width.  The  manubrium  is  particularly 
large  and  is  bifid.  Each  of  the  six  ribs,  as  well  as  the  last]  cervi- 
cal rib,  has  a  well  developed  uncinate  process. 
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The  Strongest  bone  in  the  shoulder  girdle  is  the  coracoid,  which 
is  expanded  below  and  obliquely  winged  for  a  short  distance,  then 
is  cylindrical  and  then  curves  inward,  throwing  off  a  flange-like 
process  where  the  scapula  is  articulated,  and  ends  in  an  articular 
surface  against  which  the  flattened  upper  part  of  the  clavicle  is 
pressed.  From  the  lower  angle  of  this  surface  a  strong  tendon 
passes  to  the  process  of  the  manubrium  on  that  side.  The  clavicles 
are  of  the  usual  form,  forming  the  merry-thought  in  connection  with 
the  anchylosed  interclavicle.  The  scapula  is  united  to  both  clavicle 
and  coracoid  and  with  the  latter  furnishes  a  glenoid  surface  for  the 
humerus.  Between  these  three  bones,  at  their  union,  is  a  cavity,  fora- 
men triosseum,  permitting  the  passage  of  the  tendon  of  the  sub-cla- 
vius  muscle. 

The  anterior  extremity  is  of  moderate  size.  The  humerus  is  .95 
long  and  is  much  expanded  proximally  where  it  is  .33  in  breadth. 
The  radial  crest  is  short  and  quite  prominent.  The  ulnar  tuberosity 
is  very  large  and  outwardly  presents  a  large  triangular  surface  and 
within  excludes  two  extensive  fossae,  divided  by  a  strong  septum,  from 
the  end  of  which  a  strong  process  is  developed.  The  opposite  or 
distal  end  of  the  humerus  is  less  highly  developed,  but  still  shows  a 
high  degree  of  perfection  of  the  spinous  appendages.  The  trochlea, 
consisting  of  the  radial  and  ulnar  tubercles,  are  about  as  usual.  The 
radial  condyle  is  a  small  prominence  directed  forward  at  the  base  of 
the  radius,  while  the  ulnar  condyle  is  a  larger  acute  process,  extending 
in  the  opposite  direction.  The  radius^  the  smaller  bone  of  the  arm, 
is  but  slightly  curved  and  measures  1.20  in  length.  The  ulna  curves 
considerably,  proximally,  so  that  the  sigmoid  cavity  is  quite  oblique  to 
the  shaft,  and  the  olecranon  process  is  small  and  styloid.  The  carpus 
contains  two  bones  which  have  the  usual  positions.  The  ulnare  is 
applied  to  the  back  side  of  the  ulna  and  rotates  upon  its  smooth  articu- 
lar surface.  The  radiate  caps  the  ulnar  and  is  overlapped  by  the  ra- 
dius in  front.  The  three  metacarpals  are  fused  at  the  base.  The 
first  one  can  not  be  distinguished  and  its  phalanx  measures  but  .20. 
The  second  metacarpal  is  .65  long  and  is  fused  at  both  ends  with  the 
slender  third  metacarpal.  The  second  digit  consists  of  two  phalanges, 
the  first  of  which  is  .30  long  and  consists  of  two  bars  connected  by  a 
thin  plate  of  bone,  the  second  being  a  triangular  plate  .  15  long.  The 
third  digit  consists  of  a  styloid  phalanx  .  20  long.  (The  two  ossicles 
described  by  Schufeldt,  in  certain  birds,  as  the  cuneiform  and  the  pen- 
tosteouy   are  not   discoverable  in   any  of    the   skeleta  before  me. 
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The/<Aw  is  papery  and  yei  very  complete.  The  obturator  fissure, 
separating  the  iseiinm  anil  /'uiic  moiety  of  the  pelvis  is  divided  into  an 
elongated  posterior  and  smaller  circular  anterior  foramen.  The  ilio- 
siatic  foramen  is  quadrate,  with  rounded  angles.  The  pubic  bone  is 
produced  into  a  slender  curved  process,  as  usual  in  this  group.  The 
femur  is  .91  long  and  nearly  straight  and  reijuires  no  description. 

The  /Ma  is  a  symmetrical  straight  bone,  1.30  long,  while  the  fibula 
is  nearly  free  from  it  and  is  about  half  its  length.  In  the  skeleta  uf 
adult  bird-s,  such  as  those  before  us,  it  is  useless  to  attempt  to  distin- 
guish the  tarsal  bones  which  unite  with  its  epiphyses,  thus  forming  the 
tihie-tarsus,  nor  yet  the  composition  of  the  succeeding  segment  of  the 
leg.  the  tarsa-mftiitarsus.  The  latter  is  .So  long  and  is  furnished  with 
a  strong  process  {  "  calcaneal," )  behind,  which  is  at  present  causing  so 
much  discussion.  The  subdivision  at  the  distal  extremily  into  the 
four  metatarsals  is  distinct.  The  first  of  these,  the  hallux,  is  provided 
with  a  separate  matatarsal,  the  aecessoHus,  which  is  quite  large  and  de- 
scends to  the  level  of  the  other  united  metatarsals.  The  phalanges 
of  the  hallux  are  two  in  number,  the  first  being  very  large,  ,32  long. 
The  claw  borne  by  the  following  phalanx  is  the  strongest  on  the  foot. 
The  second  toe  has  three  phalanges,  the  third,  four,  and  the  shorter 
fourth,  five,  as  is  the  case  in  all  of  the  present  group  of  birds. 

Such  a  bare  description  as  is  above  given  of  points  in  the  osteology 
of  a  species  of  bird,  is  of  little  value,  except  as  furnishing  a  basis  for 
comparison  with  others  of  its  own  and  other  groups.  Such  a  com- 
parative study  we  cannot  at  present  attempt,  but  may,  perhaps,  profit- 
ably note  some  points  of  difference  between  the  pre.ient  species  and 
others  of  its  own  family.  Fi-ingillidae.  Quite  at  the  other  extreme 
of  the  family  may  be  found  the  genus  Pipilj,  which  is  represented  in 
our  region  by  the  Chewink  or  Ground  Robin,  P.  erylhfopthalmus, 
a  bird  of  singular  appearance,  in  some  points  resembling  the  Orioles, 
while  mimicking  the  habits  of  the  Brown  Thrush.  A  comparison  with 
this  species  then  may  be  expected  to  give  us  the  limit  of  divergence  in 
structure  within  the  family,  and  those  points  which  are  identical  in 
both  may,  with  some  probability,  be  assumed  to  be  of  family,  ordinal 
or  class    rank. 

The  skull  is  of  very  difTerent  form,  but  the  differences  are 
chiefly  those  accompanying  the  reduction  in  the  su!e  of  the  beak, 
which  in  the  Chewink  is  slender,  almost  Icterine.  This  slender  point- 
ed beak  does  not  extend  backward  so  far  as  in  the  true  Finches,  but 
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the  malar  pillar  is  much  longer  and  the  angle  of  the  beak  and 
the  end  of  the  tomia  are  forward  from  the  orbit.  The  opening  of  the 
nares  is  much  larger  and  the  lachrymo-nasal  space  is  a  very  large  tri- 
angular opening.  On  this  account  the  ascending  process  of  *the  max- 
illary is  quite  slender.  As  seen  from  above,  the  skull  of  Pipilo  is 
much  narrower  between  the  orbits  and  the  facial  portion  of  the  skull 
is  easily  distinguished  from  the  cranial.  The  orbits  are  rather  larger 
and  not  nearly  as  well  guarded.  The  lachrymal  is  of  the  same  shape, 
but  lacks  the  long  slender  process  directed  backward,  below.  The 
lachrymo-nasal  foramen  is  small.  The  interorbital  septum  is  very 
poorly  developed,  two  oblong  foramina  extending  longitudinally  leave 
but  a  narrow  bridge  between  them.  The  ethmoid  is  therefore  greatly 
reduced.  The  back  of  the  skull  is  alike  in  both,  but  the  opening  of 
the  bullae  is  directed  more  forward.  The  palatal  bones  are  quite  sim- 
ilar, but  the  posterior  processes  are  not  bifid.  Two  curved  slender 
rods,  which  seem  at  least  partially  ossified,  pass  from  the  palatal  pro- 
cesses of  the  maxillary  to  that  part  of  the  palatals  farthest  forward  and 
highest.  The  pterygoids  are  of  the  usual  shape  and  are  flattened  an- 
teriorly to  slide  over  the  sphenoids  The  quadrate  is  smaller  and  of 
the  same  form,  but  has  a  rather  longer  orbital  process,  proportionally. 
The  quadrato-jugal  has  the  same  hamular  process  posteriorly  as  described 
in  the  Grosbeak.  The  lower  jaw  is,  like  the  upper,  rather  weak. 
The  various  parts  entering  into  each  ramus  are  indicated  by  the  pres- 
ence of  a  large  oval  foramen  separating  the  surangular,  angular  and 
splenial,  and  the  flange  of  the  articular  is  large.  The  differences  in 
the  shoulder  and  arm  are  slight  and  are  such  as  might  occur  in  species 
of  the  same  genus.  The  sacrum  is  relatively  much  stronger  and  the 
spinous  armature  is  greater,  this  corresponding  to  the  greater  demand 
upon  the  muscles  there  finding  origin.  The  foramina  are  of  the  same 
number,  but  the  lower  one  is  more  elongated  to  correspond  to  the 
greater  development  of  the  pubic  bone.  The  femur  is  of  ordinary 
form,  but  the  tibiotarsal  segment  is  greatly  enlarged.  The  fibula  is 
quite  well  developed  and  is  anchylosed  with  the  tibia  about  one  half 
an  inch  from  the  head,  for  a  short  distance,  but  is  free  above  and  be- 
low. The  head  of  the  tibia  develops  two  huge  processes  and  there 
is  a  small  patella.  The  condyles  are  very  large.  The  **  calcaneal" 
process,  strangely  enough,  is  very  small  and  poorly  ossified.  The 
foot  itself  is  not  particularly  enlarged. 

The  form  of  the  sternum  is  very  closely  alike  in   these  birds  ;  in 


of  ihe  LabopaWpiM  of  Denjsor)  Universily. 


^^OR^N 


\ 


OF   DENISON   UNIVERSITY.  1 5 

fact,  the  sternum  is  a  valuable  osteological  index,  for,  not  only  is  it 
pretty  constant  in  a  given  family,  but  it  presents  points  of  constant 
difference  between  many  families.  The  manubrium  is  larger,  if  any- 
thing, than  in  the  Grosbeak. 

Such  are  some  of  the  differences  noted  between  these  species  and 
they  may  be  taken  as  indications  of  those  points  in  the  osseous  struc- 
ture most  readily  responding  to  changes  in  habit  or  habitation  as  in- 
duced by  changes  in  the  environment.  It  is  by  the  elimination  of 
the  variable  elements  of  different  degrees  of  constancy  that  classifica- 
tion can  be  placed  upon  a  permanent  and  correct  basis.  The  vari- 
able points  may  be  employed  in  distinguishing  species,  genera,  etc.,  in 
accordance  with  their  relative  permanence  or  value. 

Plate  I.     Anatomy  of  Ilesperiphona, 

Fig.   I.     Lateral  view  of  entire  skeleton. 

Fig.  2.  Skull  seen  from  below.  Q/\  quadratojugal ;  /Y,  palatal ;  //,  ptery- 
goid ;  s^t  sphenoid  ;  r,  cohdyle  ;  />//,  foramen  magnum  ;  Z,  internal  flange  of 
mandible. 

Fig.  3.  Transverse  section  of  skull  F,  vomer ;  (P,  quadrate  bone  ;  O/, 
optic  foramen  ;  other  references  as  above.     ^Af  diagram  of  bones  of  skull. 

^^V"-  4-  Quadrate  bone  and  articulations  ■  /V,  pterygoid  ;  Q/\  quadratoju- 
gal ;  rj,  accessory  ossicles  ;  ///  r,  sheath  of  Meckel's  cartilage. 

F/g.  5.     Ilyoid  arch. 

F(if.  6.     Superior  surface  of  a  cervical  vertebra. 

F/g.  7.     Humerus. 

F/g.  8.     A  dorsal  vertebra,  from  behind. 

Fig.  9.      M  uscles  of  the  wing  seen  from  above. 

Ftg.  qA.     Anterior  part  of  wing  from  below. 

Fig.    10.     Skull  denuded  of  skin  and  showing  certain  cervical  muscles. 


II. 

METAMORPHOSIS     AND     MORPHOLOGY     OF     CERTAIN 

PHYLLOPOD  CRUSTACEA. 

[Plates  V— VIII  and  Plate  X.] 

The  group  Phyllopoda  is  one  of  the  most  remarkable  among  crusta- 
ceans, on  account  of  the  peculiar  form  and  life  history  of  most  of  its 
members.  About  the  animals  of  this  group  there  clings  a  certain  air 
of  mystery  which  may  lead  one  to  regard  them  as  almost  **  uncanny." 
A  pool  by  the  wayside  is  suddenly  formed  by  a  shower  and  almost  in- 
stantly becomes  populated  with  a  swarm  of  animal  life,  which  no  one 
ever  saw  there  before  and  for  the  like  of  which  we  might  search  an 
hundred  miles  in  vain.  In  a  few  days  the  little  tragedy  is  played  and 
the  uncouth  actors  have  disappeared,  no  one  knows  whither,  having 
sown  the  clay  at  the  bottom  of  the  now  dry  pool,  with  eggs  which, 
under  favorable  circumstances,  may  again  put  the  play  on  the  boards, 
but  only  after  being  themselves  thoroughly  dried  by  the  sun.  In 
short,  in  the  study  of  these  animals  the  unexpected  is  always  appear- 
ing and  known  laws,  or  at  least  theories,  are  again  and  again  negatived. 
We  calmly  institute  a  species  when,  lo  !  the  change  in  certain  condi- 
tions attending  the  development  occasions  the  change  to  an  entirely 
different  genus  in  our  system. 

(See  V.  Siebold,  in  SitzungshcrkfUe  d.  vtath.phys.  Chusc  zu  Miumhen^  1873,  *"^ 
the  paper  by  Schmankewitsch  in  the  Zeitschrift  fuer  WissemhaftlkJu  Zoobgit^  XXV 
Suppl.,  1875.) 

In  spite  of  many  able  papers  and  works  on  American  Phyllopods 
(notably  the  monograph,  by  Prof.  Packard,  in  The  Geol.  Surv.  Terr.^ 
1868,  Part  /,  Sec.  2.)  many  points  of  deepest  interest  remain  to  be 
cleared  up,  and  particularly  such  as  relate  to  the  development  history 
and  homologies  of  organs.  In  the  present  paper  a  few  observations 
made  some  years  ago,  are  presented  with  no  attempt  to  discuss  their 
bearing  upon  the  questions  in  dispute.  The  student  conversant  with 
the  literature  of  this  subject  will  observe,  however,  that  these  facts 
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"necessary  a  modification  of  views  at  present  in  vogue  in  several 
important  jiarticulars.  The  work  was  arbitrarily  closed  by  circum- 
stances and  the  material  was  long  suppressed,  in  the  hope  of  continu- 
ing a  study  which  proved  of  absorbing  interest ;  but,  as  this  hope  is 
now  extinct  and  no  motive  remains  for  further  delay,  the  observations 
are  presented  in  their  necessarily  fragmentary  form,  hoping  to  fill  a 
place  in  the  life-history  of  these  remarkable  animals. 

The  Phyllo])oda  are  extremely  well  adapted  for  use  in  biological 
laboratories  and  the  outline  here  given  may  make  the  process  of  de- 
velopment plainer  to  the  student  who  is  fortunate  enough  to  be  sup- 
plied with  such  material  for  study.       The  two  animals  described  may 
'     be  found  in  early  spring  and  late  summer,  in  many  temporary  pools 
Ljhmjgfaout  the  eastern  zoographical  province  of  North  America. 

^^^K         A.     Larvai  Dn>ehpm(nl  of  lAmneth  gou/dii,  Bd. 

^^^Xamnelis  is  a  genus  of  the  Family  Limxadiad*  of  Baird,  which 
includes  crustaceans  enclosed  in  a  bivalved  shell,  within  which  is  con- 
cealed a  body  like  that  of  a  Water  Flea,  but  having  ten  to  twenty- 
seven  pairs  of  leaf-like  swimming  feet.  The  very  large  head  projects 
from  between  the  valves  in  front  and  is  flanked  on  either  side  by  a 
biramose  second  antenna,  while  the  first  pair  of  antennae  is  very  small. 
A  figure  of  the  adult  of  the  present  simcies  will  be  found  in  the  mono- 
graph by  Dr.  Packard,  and  also  in  a  paper  by  the  present  writer,  in  the 
lolh  Annual  of  the  Minnesota  Geological  Survey. 

The  earliest  stage  seen  (Plate  VI,  Fig,  2.)  was  the  simple  nauplius- 
form  common  to  all  this  group  of  Crustacea,  but  so  curiously  modified 
as  to  at  first  almost  defy  recognition.  The  animal,  as  viewed  from 
above,  seems  covered  almost  entirely  by  an  oval  shield,  which  is  thickly 
stndded  with  spines  arranged  in  anastomosing  lines.  The  head  ex- 
tends into  a  frontal  prominence,  which  is  densely  bearded.  The  pos- 
terior part  of  the  body  forms  a  blunt  prominence,  bearing  two  spines. 
The  eye,  occupying  the  front  of  the  head,  consists  of  a  single  pig- 
ment fleck,  with  at  first  a  single  lense  (?).  The  digestive  tract  is 
simple  and  similar  to  that  of  other  Phyllopod  larvie.  In  the  protu- 
berance which  represents  the  future  abdomen,  the  muscles  producing 
the  pumping  action  of  the  rectum  are  well  developied  and  anal  respi- 
ration at  once  begins. 

The  appendages  differ  only  in  form  from  those  of  other  larvEe. 
The  antennules  are  long  and  curved  prolongations  of  Che  frontal  region 
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and  project  laterally.  They  are  covered  with  a  spiny  cuticle,  like 
the  antennules  of  the  naupliiis  of  Chirocephalus^  but  are  less  movable 
and  less  obviously  tactile  organs.  It  has  been  denied  that  these  are 
really  antennae,  but  the  history  of  their  further  development  makes  it 
clear  that  they  are  really  representatives  of  those  organs,  though  ob- 
scured by  their  covering. 

Although  the  nauplius  of  Limnetes  is  said  by  authors  (Packard, 
Monogr.  Phyllopod  Crust,  etc.)  to  be  distinguished  from  other  nauplii 
by  the  small  size  of  the  labrum,  this  is  founded  upon  a  mistake.  The 
labrum  is  really  the  most  prominent  of  the  larval  organs.  It  is, 
indeed,  of  monstrous  form  and  is  so  enlarged  as  to  become  a  valve 
nearly  as  large  as  the  shield-like  expansion  of  the  body  above.  The 
larva  resembles  a  small  turtle,  from  the  edge  of  whose  shell  protrude 
two  pairs  of  appendages. 

The  labrum  is  thorned,  as  is  the  whole  body,  and  is  slightly,  if  at 
all,  movable.  In  this  respect  it  differs  little  from  other  young  nauplii. 
Like  the  first  pair  of  antennae,  the  labrum  is  obscured  by  its  larval 
envelope,  similar  to  that  which  extends  the  carapace  of  the  body  to 
form  a  false  shell.  The  second  antennae  are  of  the  usual  form  among 
Phyllopods,  the  anterior  branch  being  five-,  the  lower  one  two-jointed. 
The  basal  portion  is  furnished  with  a  prominence  bearing  two  heavy 
claws.       The  palp  of  the  mandible  is  of  the  usual  form. 

In  the  next  stages  slow  changes  accompany  the  increase  in  size- 
A  dorsal  area  is  marked  off  over  the  maxillary  and  mandiblar  seg- 
ments, from  which  the  shell  develops  under  the  larval  covering.  The 
nauplius  eye  becomes  associated  with  a  pair  of  club-shaped  sensory 
hairs.  A  ventral  swelling  becomes  distinct  and  proceeds  to  segment 
itself  and  elaborate  limbs.  (Fig.  i,  Plate  VII.)  In  figure  ii  of  this 
plate,  which  gives  a  senii-diagramatic  under  view  of  the  abdomen,  is 
shown  that,  as  in  other  Phyllopods,  the  a|)pendiculate  segments  seem 
to  appear  at  once  and  the  development  goes  on  then  from  before  back- 
ward. Prior  to  the  appearance  of  feet  (stage  of  Fig.  i.)  the  animal 
is  about  0.33  mm.  long,  but  becomes  over  0.50  mm.,  before  the  meta- 
morphosis. In  the  last  stage  prior  to  assuming  the  characteristics  of 
the  adult,  the  antennules  seem  smaller,  the  labrum  has  become  cordate 
and  very  wide,  while  a  prominence  appears  below  the  eye.  Rudi- 
ments of  the  compound  eye  are  visible  and  the  sensory  filaments  over- 
lying the  pigment  fleck  are  developed.  The  anterior  part  of  the 
digestive  tract  has  bifurcated  and  its  branches  extend  toward  the  labrum. 
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"nie  accessory  branch  of  the  second  antenna,  with  Its  forceps,  has  be- 
come large.  Now  the  hypodermic  contents  of  the  antennutes  with- 
draw from  its  shell  and  cotiijiact  themselves  into  the  mature  form,  de- 
veloping, at  the  same  time,  sensory  rods  in  their  substance.  The  con- 
tents of  the  iabrum  fall  away  from  the  walls  and  gather  into  a  lobe-like 
body.  Feel  have  formed,  and  a  single -chambered  heart  is  actively 
pulsating.  The  future  shell  may  now  be  seen  under  the  larval  cover- 
ing, connected  only  with  the  back  over  the  segmenLs  bearing  gnaihiies, 
and  hanging  free  about  the  edges.  When  the  moult  is  affected  the 
Iabrum  falls  within  the  valves,  c^irrying  with  it  the  small  tactile  anten- 
nules,  which  hang  ^lendant  by  a  slender  stalk.  The  frontal  promi- 
nence, however,  is  elongated,  forming  the  beak.  The  larva  is  now  a 
diminutive  of  the  adult.  In  its  future  development  the  form  elongates 
and  finally  again  becomes  rounded  and  a.ssumes  the  familiar  appear- 
ance. The  branches  from  the  stomach  fill  the  front  of  the  head  with 
so-called  liver-lol>es.  The  compound  eye  becomes  perfected,  while 
the  nauplius  eye  is  covered  by  filaments  charged  with  some  unknown 
sensory  function.  The  heart  becomes  multi-chambered  and  the  geni- 
tal organs  appear.  For  a  figure  of  a  young  Limneies,  see  Types  of 
Animal  Life,  etc.,  by  the  author ;  for  figures  of  the  adult  and  a  discus- 
sion of  relationships,  see  Packard's  "Monograph  of  the  Phyllopod 
Crustacea  of  America  "  ;  U.  S.  Geol.  Surv.  of  Terr.  1S78,  Pari  I. 
Farther  details  may  be  gathered  from  the  plates.  It  is  a  matter  of 
regret  thai  Grube's  work  on  the  development  of  the  European  Llm- 
Hfies  brachyura  was  not  accessable  to  me  during  the  period  which  was 
covered  by  this  paper.  My  recollection  is,  however,  that  the  pro- 
cesses are,  in  the  main,  identical,  but  that  Grube  fails  to  identify  all 
the  organs  of  the  embryo. 

Post -embryonic  Developmcnl  of  Cliirofipliaiu^, 

e  species  studied  is  assumed  to  be  the  common  C.  Animani,  Ryder, 
dtbough  the  oldest  male  seen  differed  in  several  particular  from  the 
description  of  that  species.  One  must  imagine  a  fish-like,  transparent 
animal,  altout  one-half  inch  long,  balancing  itself  in  the  water  by  the 
movement  of  eleven  pairs  of  lamellate  swimming  feet.  The  colors 
are  brilliant  and  do  not  interfere  with  an  almost  perfect  transparency  of 
the  body. 

The  earliest  stage  seen  is  thai  figured  on  Plate  V,  Fig.  i.       The 
animal  is  at  that  period  .93  mm.  long  and  the  antennae  measure  about 
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.57  mm.,  the  antennules  .32  mm.  The  form  is  that  of  a  nauplius 
toward  the  end  of  its  first  phase.  The  antennules  are  much  like 
those  of  males  of  Moiruiy  being  curved  abruptly  near  the  middle. 
They  are  clothed  with  a  spiny  larval  integument,  which  disappears  in 
the  next  stage.  The  sensory  ganglia  in  the  end  and  the  connecting 
nerves  are  present ;  of  the  latter  there  seem  to  be  two  bundles  having 
a  different  course.  The  larval  eye  in  the  middle  of  the  head  is  dis- 
tinct and  has  two  lenses,  or,  rather,  crystalline  bodies. 

The  antennae  are  of  the  form  usual  to  larvae  of  this  family,  the 
rami  being  unequal,  the  shorter  being  very  indistinctly  two-jointed,  the 
longer  eighteen-jointed.  Near  the  base  a  small  prominence  bears  long 
spines,  later  to  serve  a  temporary  purpose  in  bringing  food  to  the 
mouth.  The  mandiblar  palp  is  indistinctly  6-jointed,  the  inner  ramus 
of  this  limb,  or  mandible  proper,  has  a  single  spine. 

The  thoracic  segments  are  already  indicated  and  rudimentary  limbs 
lie  under  the  larval  skin.  The  abdomen  bears  two  styles,  and  has  a 
set  of  muscles  adapted  to  produce  anal  respiration  in  the  rectum.  The 
stomach  is  simple  and  glandular.  Although  no  heart  could  be  distin- 
guished, blood  corpuscles  crowd  the  antennae  and  other  parts  of  the 
body,  (see  figure  4.)  Rudiments  of  the  compound  eyes  are  seen  on 
the  sides  of  the  head  where  pigment  is  collected. 

In  the  next  stage  the  animal  may  be  .98  mm.  long  (Fig,  2.)  and 
several  changes  appear.  A  well  marked  scutum  covers  the  mandib- 
lar and  maxillary  segments.  The  antennules  have  lost  their  spiny 
covering  and  the  proportions  of  the  antennae  have  changed.  At  the 
base  of  the  antennas  certain  organs  develop,  which  present  great  re- 
semblances to  the  branchial  sacs  of  the  other  feet,  but  which  become 
the  shell-glands  of  the  adult.  This  is  parallel  to  the  like  origin  of 
these  organs  in  copepods,  as  we  have  demonstrated  in  Diaptomus.  In 
Limnetes  it  was  impossible  to  follow  the  development  of  the  shell- 
gland.  (See  figure  6,  0,  shell  gland  ;  J/,  mouth;  Z,  labrum  ;  Aid, 
mandible;  Mx,  maxilla;  Mx  2,  second  maxilla.)  The  brain  lobes 
or  supra-oesophagal  ganglia  resemble  those  organs  in  cladocera,  the 
optic-lobes  being  apparently  hollow,  however.  The  posterior  part  of 
the  body  is  now  considerably  elongated.  The  segments  of  the  thorax 
seem  to  be  all  differentiated  at  once  and  the  segmentation  is  obscured 
by  a  false  segmenting  of  the  posterior  part  of  that  region  or  the  appa- 
rent absence  of  segments.  The  region  about  the  rectum  is  open  and 
crossed  by  the  muscles  giving  it  motion.       It  frequently  seemed  to  me 
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A«  fills  chamber  was  thai  in  which  the  tilood-corpuscles  (or,  better, 
lymph-cells)  were  formed.  The  rectum  is  covered  with  irregular 
masses  of  cells  of  varying  size,  and  I  more  than  once  thought  to  have 
observed  their  change  lo  lymph-cells,  U  was  im|xissible,  unfortu- 
nately, in  the  lime  allotted  to  observe  the  development  of  the  circu- 
latory- system,  but  it  would  seem  that  the  heart  differentiates  from  the 
connective  tissues  between  the  stomach  and  the  scutum. 

(Fig.  3  illustrates  not  only  the  formation  of  the  posterior  appendic- 
ular segments,  but  the  rectal  sinus  with  its  muscles  and  lymph-cells.' 
A  simple  vahtilai  apparatus  separates  the  rectum  from  the  anterior  part 
of  the  digestive  tract.) 

The  next  stage  is  illustrated  on  Plate  VT,  Fig.  i.  A  change  in 
proportion  and  in  sue  is  all  that  requires  notice.  Figures  3-6,  illus- 
trate the  growth  of  the  appendages.  Fig.  3  is  the  first  foot  of  the' 
right  side  of  an  individual  over  1.5  mm.  long.  Fig.  4  is  the  same  of 
a  younger  individual  of  which  Fig.  5  is  the  sixth  and  Fig.  6,  the  ninth' 
foot.  Fig.  7  shows  how  the  matrices  of  the  caudal  spines  are  deveb 
oped  from  enlarged  cells  as  are  the  corresponding  parts  in  Daphnia. 

Fig  2,  of  Plate  VII,  illustrates  the  general  characters  of  the  animal 
when  about  1  mm.  long.  The  maxilla  have  become  larger  and  the' 
feet  begin  to  assume  their  definitive  form. 

Fig.  3  shows  the  growth  of  the  caudal  stylets  and  the  character  of 
the  valve  at  the  opening  of  the  amis,  as  well  as  the  prolonged  matrix 
at  the  setse.  Fig.  4  illustrates  the  differentiation  of  the  optic  lobes 
and  of  the  anterior  part  of  the  stomach.  The  heart  is  by  this  time 
well  formed  and  whatever  part  the  rectal  cells  may  have  played  in 
originating  lymph-cells,  is  lost.  The  liver  lobes  grow  out  from  the' 
stomach  and  the  labrum  becomes  reduced.  The  antennse  now  un- 
dergo a  rapid  and  remarkable  transformation.  In  the  male  the  shorter 
ramus  becomes  atrophied  as  shown  in  Fig.  10,  and  from  the  base  an 
epipodal  body  is  formed  just  as  in  the  case  of  the  feet.  At  first  this 
pouch  resembles  homologous  organs  in  the  feet,  but  soon  it  alters  and 
becomes  greatly  modified.  In  the  female  the  change  is  similar,  save 
that  (his  branchial  sac  fails  to  develop  (Fig.  9.)  The  palpus  of  the 
mandible  is  likewise  reduced  to  a  mere  rudiment  (Fig.  8.) 

The  sexual  organs  of  the  female  appear  as  lobed  glands 
(Fig.  II.)  The  caudal  stylets  are  of  considerable  size.  A 
male,  in  the  stage  above  mentioned,  measures  3.5  mm.  In  the 
following  stages  growth  is  rapid.       The  antennas  modify  rapidly. 
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Figs.  2  and  3,  of  Plate  VIII,  show  the  form  of  the  antennae  of  the 
female  and  male  in  this  stage,  the  former  being  .78  mm.,  the  latter 
.  79  mm.  long.  In  the  male  the  palp  is  gone  and  the  appendage  is 
considerably  developed,  the  longer  ramus  still  showing  its  primitive 
form.  Fig.  4  figures  the  fourth  foot  of  a  male  fi  inches  long.  Fig. 
5  shows  the  abdomen  of  a  larger  male,  and  Fig.  6,  the  stylets  when 
they  are  .  78  mm.  in  length.  Fig.  i  shows  the  form  of  the  head  of  a 
male  some  time  prior  to  maturity,  and  Fig.  8  illustrates  the  external 
genital  organs  of  one  side  at  the  same  period.  The  testis,  only  part 
of  which  is  shown,  is  a  double  chamber.  The  penis  is  paired  and 
each  factor  is  spiny.  A  common  muscle  protrudes  them  both  by  lateral 
pressure,  while  a  muscle  peculiar  to  each  serves  as  a  retractor.  Fig. 
7  illustrates  the  form  of  the  male  antenna,  previous  to  the  branching 
of  the  so-called  frontal  organ.  As  to  the  homologies  of  the  *'  frontal 
organ,"  there  is  no  doubt  that  in  Chirocephalus,  as  stated  many  years 
ago,  it  is  an  appendage  of  the  base  of  the  antenna  and  the  develop- 
ment shows  it  related  in  position  and  formation  to  the  branchial  sacs  of 
the  other  limbs. 

There  is  a  curious  dimorphism  among  these  animals,  as  in  cope- 
pods.  The  males,  under  certain  circumstances,  become  sexually 
mature,  while  the  antennae  retain  an  undifferentiated  character.  The 
antenna  in  this  stage,  has  a  short  basal  process  and  the  remainder  is 
rather  short  and  bifid  at  the  tip,  one  of  the  branches  bearing  a  sharp 
spine.  The  frontal  appendage  is  simple,  coiled,  and  regularly  crenu- 
late  in  this  stage.  The  next  stage  is  characterized  by  the  elongation 
of  one  of  the  short  branches  at  the  end  of  the  male  antennae  and  the 
modification  of  the  frontal  organs. 

Explanation  of  Plates. 
Plate    V. 

Fig.   I.     Young  nauplius  larva  of  Chirotcphahis. 

Fig.  2.     The  same  in  an  advanced  stage. 

Ftg.  3.  End  of  body  of  individual  of  same  age  as  figure  I,  showing  cavity 
about  the  rectum  and  its  muscles,  the  cells  springing  from  the  walls  of  the  rectum, 
the  blood  corpuscles,  the  valve  at  the  posterior  end  of  the  stomach,  and  the  prim- 
itive segments  outlined  in  the  cellular  mass. 

Fig.  4.  End  of  the  longer  l)ranch  of  the  second  antennae,  with  massed  blood 
corpuscles. 

F^g.  5.     Mandible  and  palpus. 
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Fig.  6.  Lower  view  of  anterior  part  of  a  larva,  about  the  size  of  that  shown 
in  figure  2,  oc.  nauplius  eye  ;  Ai^  antennae ;  ^,  eye  ;  g^  upper  ganglion  ;  g\y  optic 
lobe  ;  A  2,  swimming  antennae  (base  only  shown);  M^  mouth  opening,  bordered  on 
either  side  by  commissures  passing  to  the  infra-o^sophagal  ganglion  ;  L,  labrum  ; 
Jifii,  mandible  and  palp  ;  Mx^  first  maxilla  ;  Mx  2,  second  maxilla  ;  /,  //,  ///,  IV, 
etc.,  feet  in  different  stages  of  development. 

Plate   VL 

Fig.   I .     Chirocephalm  larva  in  an  advanced  stage,  seen  from  above. 

Fig.  2.     LMnmUs  gouldii^  early  stage. 

Fig,  3.     First  right  swimming  foot  of  Chirocephalus  when  1.4  mm.  long. 

Figs,  4-6.     Fiist,  sixth,  and  ninth  feet  of  younger  larva. 

Fijg.  7.     Abdomen  of  same. 


Plate   VI L 

Fig.  I.  Larva  of  IMnwUs  .3;*  mm.  long.  A,  first  autennne  ;  A  2,  swimming 
antennae ;  Md^  mandiblar  palp  .  <•,  eye ;  /,  lense ;  Z,  liver,  budding  from  anterior 
part  of  stomach ;  j,  sensory  filament ;  w,  muscles  of  rectum. 

Fig.  2.     Larva  of  Chirocephalus^  from  below. 

^XT-  3-     Caudal  stylet  of  same. 

Fig.  4.     Mead,  showing  organs  of  one  side,  Z,  liver. 

/V^'.  5'     Muscles  of  swimming  antenna,'. 

Fig.  6.  Maxilla.  Fig.  7.  End  of  abdomen  of  an  older  individual.  Fig. 
8.  Mandible  and  palpus  {p)  in  this  stage.  Fig.  9.  Antenmv  of  female.  Fig. 
10.     Antenna  of  male ;  /;  inner  ramus  ;  g^  frontal  organ. 

Fig.   II.     Part  of  Zi>wfc'/5rj  older  than  figure  i. 

Fig.   12.     First  abdominal  segment  of  female,  seen  from  below. 


Plate    VIII. 

Fig.   I.  Head  of  male  approaching  maturity. 

Fig.  2.  Antenna  of  female,  (length  of  antenna  .78  mm.) 

F^g  3.  Antenna  of  male  of  about  the  same  age,  (length  of  antenna  .yi)  mm . ) 

Fig.  4.  Fourth  foot  of  male  ^  inches  long. 

Fig.  5.  Abdomen  of  young  male. 

Fig.  6.  Caudal  stylets  of  same,  (.78  mm.  long.) 

Fig.  7.  Antenna  of  same. 

Fig.  8.  Copulatory  organs  of  one  side,  m,  muscle  common  to  the  sheaths   of 
both  male  organs ;  /,  penis  or  forceps  ;  /,  testis. 

F^.  9.  End  of  sensory  antenna  ;  «,  sensory  rods,  enlarged. 

Fig'  10,  View  of  the  surface  of  the  basal  knob  on  the  male  antenna. 
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Fig,  II.  Larva  of  Limnetes  when  .5  mm.  long,  showing  withdrawal  of  the 
hypoderm  and  its  contents  from  the  walls  of  the  antennules  and  labrum.  A^  an- 
tennules  inside  the  sheath  formed  by  their  old  covering.  Z,  labrum  inside  its  old 
shell,  Li. 

Plate    X, 

Fig,   I.     Head  of  Chirocephalus^  male,  nearly  adult. 

Fig,  2.     A  typical  foot  of  the  same. 

Fig.  3.     One  of  the  swimming  feet  of  Linimies. 

Fig.  4.  Outline  of  the  head  of  Umnetes^  after  the  metamorphosis,  showing 
relation  of  labrum  and  antennules  and  also  the  position  of  the  beak,  eye  and  sen- 
sory fleck. 
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III. 

SUPERPOSED  BUDS. 
Plate  XII, 

BY    A.    F.    FOERSTE. 

Buds  are  usually  produced  singly  in  the  axils  of  leaves.  When 
more  than  one  bud  is  found  in  the  same  axil,  the  additional  buds  are 
accessory  and  supernumerary.  When  they  are  placed  at  the  side  of 
the  one  immediately  in  the  axil,  the  buds  are  collateral^  when  placed 
in  a  line  vertically  above  the  axillary  bud,  the  additional  buds  are 
superposed. 

Accessory  buds  are  not  of  the  same  age.  In  the  case  of  collateral 
buds,  the  one  immediately  in  the  axil  is  the  oldest.  Among  super- 
posed buds  there  are  two  methods  of  development.  The  axillary  bud 
first  produced  becomes  visible,  grows,  and  may  reach  some  size  before 
any  additional  bud  is  apparent.  After  a  time  another  bud  appears 
immediately  above  the  one  already  produced.  A  third  or  fourth  bud 
may  appear  above  the  one  last  formed.  In  the  Tartarean  honey- 
suckle ( 7 )  four  or  ^\t  buds  are  occasionally  found  arranged  in  such  a 
series  above  the  true  axillary  bud.  This  is  called  direct  superposition 
and  is   of  rare  occurrence  both  among  woody  and  herbaceous  plants. 

Usually,  however,  the  axillary  bud  first  produced  reaches  a  consid- 
erable size  before  a  second  bud  appears.  This  second  bud  is  inserted 
beneath  the  one  first  formed;  If  the  second  grows  rapidly  enough,  a 
third  bud  may  appear  beneath  the  second,  and  a  fourth  beneath  the 
third.  This  is  inverted  superposition  and  is  very  common  indeed,  both 
in  ligneous  and  herbaceous  plants.  In  several  species  oi  i\it /uglan- 
daceae  and  in  Gymnodadus  Canadensis  (6)  where  the  buds  do  not  im- 
mediately follow  one  another  but  are  arranged  at  short  intervals  along 
the  internode,  five  or  six  buds  are  occasionally  found  superposed  in 
this  manner.  The  upper  buds  here  betray  their  earlier  origin  by  their 
greater  size  and  development. 
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In  both  direct  and  indirect  superposition  the  bud  first  formed  is  the 
largest,  the  best  developed,  and  the  one  most  Hkely  to  grow  and  to  form 
a  branch.       If  several  buds  produce  branches,  those  from  the  later 
buds  are  successively  smaller.       If  the  largest  and  earliest  bud  dies, 
the  next  in  age  takes  its  place  and  produces  the  branch.       Insects  fre- 
quently cause  the  death  of  branches ;  early  frosts  may  nip  the  tender 
shoot ;  birds,  squirrels  and  other  animals  frequently  feed  upon  the  buds 
themselves ;  in  all  these  cases  the   smaller,  more  undeveloped  buds 
may  come  into  play  and  be  called  upon  to  continue  the  life  and  growth 
of  the  plant.       Superposed  buds  are  thus  a   provision  of  nature  to 
remedy  the  loss  of  buds  or  branches,  however  occasioned.       Buds  are 
usually  formed  a  short  time  after  the  tissues  of  the  leaves  have  become 
differentiated  from  the  stem,  and  the  ordinary  scaly  buds  of  ligneous 
plants  can  be  seen  in  a  rudimentary  condition  almost  as  soon  as  the 
leaves  can  be  distinguished  by  the  naked  eye.       By  the  time  the  leaves 
are  fully  developed  the  scaly  buds  have  also  reached  a  stage  bordering 
on  maturity,  and  this  generally  before  the  middle  of  summer.       Be- 
tween this  time  and  autumn  they  undergo  a  slow  change  and  indura- 
tion which  prepares  them  for  winter.       Superposed  buds  of  the  same 
axil  originate  at  different  times,  but  the  bud  first  formed  develops  sub- 
sequently to  the   formation    (differentiation)   of   the  subtending  leaf. 
The  difference  in  time  in  the  appearance  of  the  several  buds  is  some- 
times very  slight,  so  that  they  seem  to  originate  almost  simultaneously. 
This  is  true  of  Gymnodadus,  in  which,  however,  the  difference   in  size 
is  well  marked  at  an  early  period. 

Superposed  buds  do  not  appear  in  all  the  axils  of  a  plant ;  it  is 
even  uncertain  whether  they  can  be  found  in  all  individuals  of  any 
single  species.  Nor  do  they  always  appear  in  ecjual  numbers.  The 
existence  of  accessory  buds  is  a  sign  of  vigor  ;  the  leaf-axil  does  more 
than  the  normal  amount  of  work  whenever  it  produces  more  than  one 
bud.  The  period  of  greatest  vigor  and  most  rapid  growth  is  not 
when  the  plant  is  small  and  struggling  for  life,  but  when  it  has  reached 
some  size  and  has  abundant  roots.  Accessory  buds  in  herbaceous 
plants  are  usually  found,  therefore,  in  the  upper  axils  of  the  plant,  and, 
if  more  than  two  buds  be  found  in  any  of  the  axils,  the  greatest  num- 
ber will  be  found  in  the  most  vigorous  axils.  Hut  these  are  not  the 
axils  last  produced,  because  at  this  time  of  a  plant's  history  the  flowers 
are  being  formed,  a  period  just  preceeding  the  plant's  maturity  and  de- 
cay, when  there  is  not  much  need  for  accessory  buds,  unless  it  be  to  con 
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!  the  inflorescence,  as  in  species  of  Lactuca  and  Delphinium. 
Besides,  ai  this  time  the  rapid  production  of  blossom  and  fruit  seems  to 
cshaiist  the  vital  jxiwers  of  the  plant.  Hence,  accessory  buds  arc 
usually  found  in  greatest  aljundance  above  the  middle  of  herbaceous 
plants,  but  not  at  the  very  lips  of  the  branches. 

VVith  ligneous  plants  il  is  difltrent.  Each  year's  growth  may  be 
said  to  rc()eat  the  life  of  the  tree,  and  the  twig  takes  the  place  of  the 
entire  herbaceous  plant.  The  period  of  greatest  vigor  in  an  ash  twig 
is  not  when  the  sap  has  begun  lo  flow  and  the  leaves  have  barely  seen 
the  sunshine,  but  when  most  of  the  leaves  have  opened  out  their  blades 
and  arc  in  full  operation.  It  is  the  time  when  the  upper  part  of  the 
twig  is  developing.  In  the  ash.  where  the  terminal  bud  is  already 
produced  in  June,  the  leaves  last  formed  subtend  accessory  buds,  while 
those  formed  earlier  usually  subtend  only  the  single  axillary  bud.  In 
young,  vigorous  shoots  of  hickory  and  walnut,  the  axils  first  formed 
contain  a  single  bud;  those  towards  the  middle  of  the  branch,  two 
buds,  one  of  them  accessory ;  the  axils  later  formed,  from  thret;  to  four 
buds;  and  in  very  vigorous  branches  the  last  formed  axils  may  contain 
even  five  buds.  Many  trees  which  usually  do  not  form  accessory 
buds  {Fraxinus  Ameri(atia)  (i )  produce  large  and  well  developed  ones 
in  all  the  upper  axils,  when  the  tree  has  been  cut  down  and  the  strength 
of  all  the  roots  is  turned  to  the  support  of  a  few  fresh  shoots  growing 
out  from  the  old  stump. 

The  term  sidftrfiosed  h^ds,  was  introduced  to  explain  the  existing  stale 
of  things  in  ligneous  plants,  where  they  were  first  studied.  Here  the 
buds  are  really  placed  one  above  the  other  along  the  internodes  of  the 
plant,  and  frequently  by  ihe  lengthening  of  the  internode  during  the 
earlier  part  of  its  growth,  the  buds  may  be  considerably  removed  from 
one  another  and  the  uppermost  bud  may  be  about  an  inch  above  the 
lowest,  as  in  iht: /iiglandaceaf .  In  such  cases  the  earlier  and  hence 
upper  buds,  being  separated  while  the  twigs  were  growing  most  rapidly 
are  further  removed  from  each  other,  than  the  lower  buds,  which  grew 
during  the  less  vital  period  of  the  twig's  development.* 

In  Aristolechia  Sipho  (8)  this  superposition  is  less  evident,  for  here 
the  buds  are  arranged  at  about  the  same  height  in  the  leaf  axil,  so  that 
su|K;rp<isition  exists  only  hy|>otheticaMy.        Although  evidently  super- 

•The  lepanilion  of  superposed  buds,  caused  by  ihe  varying  (jrowlh  of  ihc  iu- 
temo-i-s.  was  noted  several  years  a(;o  by  Mr.  W.  H,  Wetlhiier.  who  tirsl  c.lleJ 
iDTitlealioD  to  it.  A.  F.  F. 
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posed  buds  are  occasionally  found  among  herbaceous  plants,  in  the  far 
greater  number  of  cases  they  are  inserted  at  about  the  same  level  and 
superposition  can  only  be  morphologically  asserted  from  the  evident 
origin  and  development  of  the  buds.  Ligneous  and  herbaceous 
plants  are  almost  directly  opposed  to  one  another  as  tothe  character  of 
their  superposition. 

Again,  while  in  ligneous  plants  the  superposed  buds  are  usually 
found  during  their  first  season  as  buds,  in  herbaceous  plants  one  or 
more  buds  are  immediately  developed  into  branches.  Since  the  aerial 
portion  of  herbs  in  our  climate  is  destined  to  decay  at  the  approach  of 
autumn,  and  sometimes  even  before  that  season  arrives,  buds  do  not 
long  remain  in  a  rudimentary  and  inactive  state,  but  grow  rapidly  and 
form  branches  and  flowers.  The  first  formed  bud  in  an  herb  is  there- 
fore unusually  a  well  developed  branch  before  the  second  bud  in  the 
same  axil  becomes  visible  to  any  but  the  careful  observer.  In  some 
plants  at  this  period  the  petiole  of  the  subtending  leaf  must  be  care- 
fully removed  and  the  lower  part  of  the  developed  branch  closely  ex- 
amined in  order  to  find  the  flattened  bud  lying  closely  against  it. 
Some  of  the  small  buds  later  in  the  season  turn  into  branches  and  even 
bear  flowers,  but  most  of  them  will  never  develop  unless  some  accident 
should  befall  the  branch  already  formed. 

Whenever  the  phyllotaxy  of  the  branch  bearing  superposed  buds  is 
that  of  decussating  pairs  of  leaves,  the  lowest  pair  of  bracts  or  leaves 
of  each  axillary  member  is  always  placed  transversely  to  the  stem  and 
its  subtending  leaf  The  lowest  pair  of  leaves  or  bracts  are  there- 
fore similarly  inserted  in  all  members  found  in  the  same  axil.  In 
members  which  belong  to  plants  having  a  spiral  arrangement  of 
leaves,  the  lowest  bract  or  leaf  in  all  specimens  examined  was  placed 
towards  the  left  or  right  of  the  subtending  leaf,  /'.  e.  transversely,  but 
not  always  on  the  same  side.  Members  of  the  same  axil  may  have 
an  insertion  which  places  the  first  bract  or  leaf  always  on  the  same 
side  of  the  stem,  or  they  may  be  regularly  opposed  to  one  another,  or 
there  may  be  no  definite  arrangement  whatever  in  this  respect.  The 
same  thing  may  be  said  about  corres])onding  members  of  different 
axils. 

A  form  of  superposition  occurs  in  some  herbaceous  ])lants  which 
seems  to  occupy  a  middle  ground  between  superposed  and  collateral 
buds.  In  Tlialictrum  dioicum,  for  instance,  the  oldest  bud  or  branch 
is  nearly  in  the  axil  of  the  subtending  leaf,  then   by  means  of  inverted 
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aitperposiiicn  follow  three  or  four  other  buds  or  branches,  not  in  a 
straight  line,  but  placed  alternately  towards  the  right  and  left  of  such 
a  line,  The  insertion,  iherefore,  is  similar  to  the  arrangement  of  ihe 
uniiiarous  scorpioid  cyme.  But,  aside  of  mere  appearances,  there  is 
no  reason  for  considering  them  as  anything  but  cases  of  superposition 
in  which  the  different  members  of  the  same  axil  have  alternately  been 
thrown  towards  opposite  sides.  It  is  worthy  of  notice  that  this  form 
of  superposition  is  common  among  certain  species  of  Legaminnsae 
(AfeJkagii),  where  the  ordinary  forms  of  superposition  are  also  abun- 
dant both  among  herbaceous  and  ligneous  plants. 

Another  form  of  superposition  is  very  common  in  species  of  S<ilaH- 
ijceae,  where  the  main  axis  ends  in  a  flower  or  inflorescence,  which  is  cast 
lo  one  side  by  the  first  formed  axillary  bud.  This  bud  grows  into  a 
branch  and  continues  the  main  axis,  taking  an  erect  position  and  seem- 
ing to  be  its  direct  continuaiion.  The  leaf  which  subtends  this  branch 
usually  contains  a  bud  which  is  m-jrphologically  the  second-formed  bud 
of  the  axil.  Eichler  figures  in  his  "  BlueUiendiagramme"  two  of 
these  accessory  buds  in  the  leaf  axils  of  Atropa  Btlladona. 

.\nd,  finally,  since  flowers,  thorns,  tendrils,  and  other  organs  are 
trciiucntly  the  morphological  ei[uivalenls  of  buds,  ihey  will  often  be 
mentioned  in  speaking  of  superposed  buds. 

In  the  following  pages  an  enumeration  will  be  made  of  such  plants 
as  will  illustrate  the  general  remarks  made  above,  and  any  details 
not  hitherto  mentioned  will  l>e  made  under  the  particular  species  when 
cited.  In  these  notes  most  attention  will  be  paid  to  herbaceous 
plants,  since  less  attention  has  been  given  to  these,  and  they  present 
some  variations  not  noted  in  ligneous  plants. 

•  I.     INVERTED  SUPERPOSITION. 

A-  Of  Leaf  buds  and  Branches. 
(.  BuDS.^ The  superposition  of  buds,  none  of  which  have  devel- 
oped into  branches,  occurs  chiefly  among  ligneous  plants.  Fraxinus 
tambHdfolia.  F.viridis,  and  vigorous  .specimens  of  F.  Americana  (r) 
hove  two  buds  in  the  same  axil,  placed  close  together,  the  lower  about 
half  the  size  of  the  upper.  Cercis  Canadensis  shows  two  or  three, 
the  lowest  of  these  often  minute  and  somewhat  covered  by  the  petiole 
.scar.  Pteha  trifoliata  (14)  has  also  two  superposed  buds.  In 
this  case  tliey  are  sunk  into  the  wood  and  almost  inclosed  by  the  cres- 
cent- or  almost  V-shaped  petiole-scar,  so  as  not  to  be  evident.       Carya 
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alba  (2),  C.  sulcata^  C.  tomeniosa  and  C.  porcina^  all  have  the  upper  one 
of  the  two  superposed  buds  so  excessively  developed,  that  the  lower 
remains  quite  insignificant,  often  obsolete.  C,  microcarpa  and  /uglans 
regia  have  the  lower  buds  of  larger  size.  Robin i a  Pseudacacia  has 
two  superposed  buds,  both  of  which  often  develop,  but  the  upper  one 
outgrows  the  other.  In  this  species  the  buds  are  formed  beneath  the 
surface  of  the  petiole  scar,  so  as  to  be  invisible  until  growth  begins  in 
spring.  Sometimes  three  buds  in  one  row  are  seen  bursting  through 
the  scar  which  has  encased  them  all  winter.  Menispermum  Cana- 
dense  (17)  has  also  two  or  three  buds  covered  by  the  circular  petiole 
scar,  through  which  they  burst  in  spring.  Two  of  three  buds 
often  develop  into  branches.  Gymnocladus  Canadensis  (6),  which 
has  buds  enclosed  by  circular  pit-holes  in  the  bark,  frequently  presents 
four  or  five  of  these  to  one  axil,  the  lowest  being  reduced  to  a  mere 
dot.  The  upper  two  are  always  quite  a  distance  apart — the  lower 
ones  less  so.  Sambucus,  which  is  usually  credited  with  the  existence 
of  buds  inversely  superposed,  presents  a  poor  case  in  6*.  Canadensis, 
in  which  the  lower  buds  seem  to  develop  from  the  upper,  and  not  to 
be  independent  of  it. 

Various  species  of  Rubus  also  show  superposed  buds  having  the 
general  aspect  of  those  of  Sambucus  Camidensis.  In  some  species 
which  usually  produce  three  or  more  buds  in  the  same  axil,  the  upper- 
most bud  is  greatly  developed  and  often  supported  by  a  basal  internode 
one-eighth  to  one-half  an  inch  in  length.  Carya  olivacformis  (3) 
has  two  or  three  buds,  the  upper  two  well  developed  and  some  distance 
apart.  The  support  of  the  upper  is  small,  often  obsolete.  C.  am- 
ara,  with  two  or  three  buds  placed  closer  together,  has  a  support  for 
the  upper  bud,  often  one-third  of  an  inch  long.  In  Ptero-carya 
Caucasica  (15,)  we  find  the  extreme  in  length  of  the  support-one-half  to 
three-fourths  of  an  inch.  Three  buds  are  normally  produced  in  the 
same  axil.  Liriodendron  Tulipifcra  has  three  buds  close  together, 
the  upper  with  a  support  often  half  an  inch  long.  These  species  offer 
a  sort  of  transition  to  those  in  which  the  upper  bud  develops  immedi- 
ately into  a  branch. 

The  only  case  among  herbs,  known  to  me,  which  would  prop- 
erly fall  under  this  class,  is  that  of  Diccntra  CucuUaria  (9).  The 
grains  clustered  about  the  roots  of  this  plant  are  known  to  be 
either  the  bases  of  aborted  leaves,  or  the  true  bases  of  the  leaves 
themselves.       Both  kinds  of  grains,  when  sufficiently  developed,  will 


the  oldest  and  largest.  They  form  an  interesting  means  of  compari- 
son with  the  specimens  already  noted.  Like  these,  the  buds  arc  des- 
titied  to  outlive  the  winter  and  begin  fresh  growth  with  the  opening 
spring, 

2.  BtDs  AND  Branches. — Species  in  which  the  tippernuwt  sii- 
jierposed  bud  immediately  develops  into  a  branch,  while  lower  ones 
remain  for  a  longer  or  shorter  period  in  the  bud  state,  are  rare  among 
ligneous  plants,  while  among  herbs  they  compri.se  almost  all  known 
cases.  In  Cornus  stolonifera  (4),  a  shrub  or  small  tree  with  two  buds 
to  the  axil,  the  upper  may  develop  into  a  branch  some  inches  long  be- 
fore the  season  clows,  or  it  may  remain  only  a  bud.  In  either  case 
the  lower  bud  remains  small. 

The  first  formed  bud  in  herbs  is  usually  a  well  developed  branch 
before  the  second  becomes  visible.  The  petiole  must  often  be  care- 
fully removed  and  the  lower  part  of  the  developed  branch  closely  ex- 
amined in  order  to  find  the  flattened  bud  lying  closely  against  it. 
This  in  the  month  of  July  is  true  of  Barbarta  vulgaris.  Sisymbrium 
o^inaU,  Oenothera  frntuosa,  Nesaea  verttdllala.  Ambrosia  ar- 
Itmiiiai/olia^  Scrophularia  nodosa,  Afimulut  ringxris,  Gsrardia  purpu- 
nw,  Huellia  eiliosa,  Vcrbtna  strida  (n),  Vtrbiiia  urlici/olia,  Phryma 
Uptasiachya,  Lycapus  smuaius,  Teucrium  Canadense,  Chenopodium 
album  and  many  others. 

Some  of  these  smaller  buds  later  in  the  season  turn  into  branches. 
Kven  in  July  Ambrosia  trifida  has  mo.st  of  its  upi>er  axils  filled  with 
two  well  developed  branches.  In  Laclura  Canadensis  the  younger 
branch  already  bears  flower  buds  ;  the  older  branch  is  in  blossom. 
Braisica  nigra  has  the  flowers  of  the  older  branch  turned  into  seed, 
while  the  younger  one  in  the  same  axil  is  flowering.  In  Lyiimachia 
ciliata,  the  younger  branches  are  partly  in  bud,  partly  in  flower. 

As  examples  of  plants  bearing  more  than  two  buds  in  the  same 
a.xil.  may  be  mentioned  Chclldonlum  majus  (10),  which  occasionally 
has  three  such  buds,  and  Thalirlruiii  dioinum,  which  has  four  or  five. 
In  Ch.  majus,  the  base  of  the  leaf  and  node  swells  and  forms  3.  pulvi- 
nus  or  cushion,  extending  hori^ontaltv  from  the  stem,  and  supporting 
the  buds  and  branches.  Since  these  are  bnrne  on  the  same  horizontal 
plane  the  term  superposed  is  correct  only  theoretically.  T.  dtoieiim 
vrill  be  described  later, 
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B.      Of  Inflorescences  and  Flowers, 

I.     Inflorescences. — Lippia  lanceolata. — A    peduncle,    bearing 
a  head  of  flowers,  is  superposed  to  a  tiny  bud,  which,  however,  does 
not  always  appear.       Dianthera  Americana  presents  the  same  features. 
Delphinium  consolida. — Both  the  flowers  composing  the  terminal  ra- 
cemes and  the  upper  branches  may  be  found  late  in  the  season  super- 
posed to  axillary  buds.       The  buds  found  along  the  lower  parts  of  the 
racemes,  and  most  of  those  in  the  leaf  axils  generally  develop  and 
flower   before  the  season  closes.       Lvthrum  alatum. — Flowers  said 
by   Gray  (Man.  183)  to  be  solitary  in   the  axils  of  the  upper  leaves. 
Occasionally,  however,  they  are  arranged  in  cymes  of  two  or  three 
flowers  each.       In  this  case  two  cymes  of  an  equal  number  of  flowers 
may  be  superposed  to  one  another  ;  or  the  lower  cyme  may  be  reduced 
to  two  or  even  one  flower ;  single  flowers  are  also  found  superposed  to 
one  another.       The  place  of  the  lowest  flower  may  even  be  supplied 
by  a  leaf  branch   which  then  grows  vigorously  and  bears  flowers  in   its 
turn — thus  a  small  flower  may  be  seen  superposed  to  a  vigorous  branch. 
Branches  in  this  situation  occur  irregularly  along  the  flower-bearing 
axes   of   vigorous  plants.        Chelidoniuni    majus    (10). — The    main 
stem  here  frecjuently  terminates  in  an   umbel  of  flowers.       The  bud 
first  produced  also  develops  into  an  umbel.        The  next  bud   may  de- 
velop into  a  leafy  branch  and  throw  the  two  umbels  to  one  side  and 
place  itself  in  the  continuation  of  the  stem.        The  last  bud,  if  formed, 
usually    remains     small.        Cassia     Chamaccrista. — The    raceme    of 
flowers  is  found  at  some  distance,  sometimes  half  an  inch,  above  the 
axil.        Within  the  axil  is  frequently  found  a  branch  which  may  grow 
and  give  rise  to  flowers  in  its  turn.       Penthorum   scdoides. — The   lower 
flowering  branches  are  found  in  the  axils  of  leaves,  but  become  more 
and  more  raised  above   the  axils  by  ad  nation  to  the  stem  as  we  ap- 
proach the  top  of  the  plants.       The   uppermost  branches,  bearing  the 
immediate  inflorescence,  all  become  adnate  to  the  stem,  thus  forming 
a  single  compound  inflorescence,   the   lower   members  of  which   are 
raised  far  above  the  subtending  leaves,  while  the  u])per  members  may 
be  referred  to  the   axils  of  some  of  the  tiny  bracts  scattered  about   the 
common   peduncle,  formed   by  the  union   of  the   flowering  branches. 
Some  of  the  last  members  of  a  large  inflorescence  ran  not  be  referred 
to  the  axils  of  either  leaves  or  bracts  with  certainty.        Immediately  in 
the  axils  of  the  leaves,  whether  containing  branches  in  the  very  axil  or 
removed  to  a  position  above  it  by  adnation,  may  be  found  a  tiny  bud, 
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never,  or  al  least  rarely,  develops  into  a  branch.  Lindtra 
Semoin  (5). — This  shrul)  may  have  in  the  same  axil  either  two 
ordinary  leaf-buds,  or  a  leaf-bud  and  a  tiny  branch,  or  two  tiny  branch- 
es. These  branches  bear  a  terminal  leaf-bud  and  one  or  two  axil- 
lary flower  buds  just  beneath  it,  subtended  by  bracts.  Ju^ans  dnerea 
and/,  nigra  produce  from  two  to  five  buds  in  the  same  axil,  which  in 
the  latter  species  are  found  closer  together.  In  older  trees  one  or 
more  of  these  buds  develop  into  the  sterile  catkins. 

2,  Flowers. — Since  flowers  are  also  the  morphological  represen- 
tatives of  branches,  and  hence  of  ordinary  leaf-buds,  a  few  species 
may  be  mentioned  in  this  connection. 

A  sort  of  intermediate  condition  between  flowering  branches  and 
Rowers  are  those  in  which  the  flower  peduncle  bears  a  single  leaf-like 
bract.  Lilium  bHlbiferum,  to  be  described  later,  is  such  a  case. 
Aristohchia  Sipho  (8)  is  another.  The  latter  has  three  or  four  super- 
posed buds,  of  which  the  upper  are  the  strongest.  They  are  during 
the  first  season  almost  enclosed  by  the  base  of  the  petiole.  The  upper 
bud,  sometimes  the  two  upper  buds,  are  leaf-buds,  the  remainder  being 
flower-buds.  All  develop  during  the  following  season.  The  cases 
of  Delphinium  and  Lyihrum  have  already  been  described.  Lin- 
dera  Benzoin  sometimes  belongs  here.  Lysimachia  nummularia 
frequently  shows  small  buds  just  beneath  the  flower  peduncles,  which, 
I  suppose,  occasionally  develop  into  leaf-branches.  Various  foreign 
species  tif  Loraiithaceac  are  known  to  contain  one  or  more  vertical 
rows  of  superposed  flowers  in  the  axil  of  the  same  bract.  The  flow- 
however,  are  all  sessile  in  these  cases. 

Other  Morphological  Equivalents    of  Branches  or  Buds. 

I.  Thorns. — GUditschia  triacant/ios  also  bears  a  superposed  bud, 
developed  in  this  case  into  a  many  spined  branch  or  thorn.  Each 
spine  of  this  thorn  is  subtended  by  a  small  scale,  representing  a  leaf. 
Below  in  the  axil  of  the  subtending  leaf  may  be  found  three  or  more 
buds,  also  in  superposition.  The  thorn  is  usually  found  removed 
quite  a  distance  from  the  leaf  axil  to  which  it  belongs.  The  place  of 
the  scale  in  this  thorn  is  often  supplied  by  the  leaves  themselves. 

a.  Bi7LBLETS. — Lilium  bulbiferiim. — A  peduncle,  bearing  a 
leafy  bract  and  a  flower,  is  here  superposed  to  a  bulblet  immediately 
in  the  leaf  axil.  This  bulb  may  have  accessory  collateral  bulblets  on 
either  side. 
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D.     Irregular    Superposition, 

I.  Sympodial  Growth. — Those  species  of  plants,  especially 
common  among  Solanaceae,  in  which  an  axillary  branch  continues  the 
stem  of  the  plant  while  another  bud  is  formed  in  the  axil  of  its  sub- 
tending leaf,  have  often  been  made  the  subject  of  special  investigation 
and  can  be  studied  in  books  especially  devoted  to  this  subject.  The 
Vitaceac  among  ligneous  plants  present  cases  in  some  respects  similar 
to  these.       They  are  all  caused  by  sympodial  growth. 

II.  Zig-zag  Superposition. — Scarcely  any  other  term  will  express 
the  arrangement  of  the  superposed  branches  and  buds  of  the  plants 
in  question.  In  Thalictrum  dioicum  the  branches  will  be  found 
thrown  alternately  towards  the  right  and  left  of  a  true  median  line. 
The  superposed  buds,  both  leaf-  and  flower-buds,  of  Aristolochia 
Clematitis  will  be  found  arranged  in  a  similar  manner.       Atriplex 

patula  shows  the  same  manner  of  arrangement.  (See  Eichler,  Blue- 
thendiagramme,  II.,  pp.  83,  533  and  159.)  Various  species  of  Leg- 
uminosae  present  the  same  or  similar  features.  In  their  case  the  in- 
terest is  so  much  greater,  on  account  of  the  ordinary  forms  of  super- 
position common  to  both  the  ligneous  and  herbaceous  plants  of  this 
order.  Thus,  for  example,  in  Melilotus  alba  the  buds  are  thrown  al- 
ternately towards  the  right  or  left  of  a  true  median  line,  and  even 
where  only  two  buds  are  found  and  where  crowding  is  not  so  evident 
the  same  features  still  present  themselves.  In  closely  related  species 
of  Trifolium,  however,  the  superposition  is  of  the  ordinary  kind. 

II.     DIRECT  SUPERPOSITION. 

Lonicera  Tartarica  (7).  Two  to  five  buds  are  here  superposed. 
The  one  directly  in  the  axil  is  formed  first,  and  those  above  at  success- 
ively later  periods.  The  lowest  bud  is  the  strongest  and  generally 
produces  the  branch,  but  occasionally  several  of  them  develop.  Among 
flowering  branches,  the  lowest  buds  produce  the  flowers,  or  flower- 
clusters.  Coreopsis  tincioria  (16). — The  upper  leaf  axils  contain  a 
flowering  branch,  superposed  to  which  is  a  small  bud  which  later  in  the 
season  produces  two  or  three  leaves  and  a  flower.  C  tripteris  has 
larger  and  more  developed  superposed  buds,  the  uj)per  of  which  bears 
leaves  and  two  or  three  flowers.  The  superposed  branch  is  inserted, 
as  in  the  first,  directly  between  the  axillary  branch  and  the  stem. 
fassiflora  lutca. — Immediately  in  the  axil  is  a  tendril  which  represents 
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It  bud.  At  either  side  or  the  tendril,  representing  its  branches, 
is  a  flower.  Above  the  tendril  is  found  a  bud,  the  undeveloped  su- 
perposed branch. 

(In  a  curious  specimen  of  L'lmus  fuha  ( r  i ),  found  near  Dayton, 
ihere  were  two  leaf  scars,  the  places  of  attachnient  of  two  leaves, 
which  supported  but  one  bud,  the  normal  arrangement  of  the  remain- 
der of  the  branch  being  otherwise  preserved. ) 


I        derof 


EXPLANATION  OF  PLATES. 


Fig.    I.      Fraxinui  AmtticaHa,  L.,  from  3  one  year  old  shoot  growing  out  of 
ite  nump  or  a  tree  cut  down  during  the  previous  year. 
Fig.  i.      Carya  alia.  Null ,  the  tip  of  a  branch. 


r,  Nutt ,  ! 


F^.  3.     Carya  sih'otfon 
pari  of  a  twig. 

Pig.  4.  Camui  sloUmifira.  Miekx.,  A,  section  c 
tcnti  of  otily  one  leaf  anil.  Twig  collected  in  autu 
perposed  buds  partly  developed.  B,  diagram  of  1 
T^oroui  axils. 

Fig.   5.      Lindtra  ScnaJi'n.   MeisH..     superposed  branches  composed    i 
cue  of  a  terminal  leaf-dud,  and  two  lateral  flower-liuds. 

F^.  6.     GymiKiladtis  CaKadaisis,  Lam.,     buds  enclosed  in  pit-holes. 

/iy.  7.     Leniara  Tartarica,  L. 

Fig.  S.  Ariilolockiit  Sifii,',  L' ffrr..  a  rejular  leaf-branch  represents  the  first 
formed  bud  of  last  fear ;  the  flower,  the  second  bud.  B,  diagramatic  section, 
ihowing  the  buds  still  undeveloped. 

F^.  9.     DUtntra  CmHllaria,  D  C, 
Urged  portion  of  the  same,  both  sections  magnified. 

Fig.   10.     Chelldeaium  iHaj'us,  L.,     A,  the  mai 
umbel  of  flowers,  the  first  developed  bud  is  in  the  si 
leif-branch,  the  third  is  still  in  the  bud  state.     B  f 
ttlalive  inserlioD  of  branches  and    loaves, 
the  buds  developed  into  leaf-branches. 

Fig.    \y.      ( Ulinas  fulua,  .itidLt. ,  a  freak  of  mUure,  hm   leavii 

F^.  II.  By  mistake  mirkeJ  •  in  the  lowt-r  part  of  the  plale.  Vttieaa 
ariila.   FlHl. 


a  node  taken   from  the  upper 

.  of  a  node  showing  the  con- 

tumn,  showing  one  of  the  su- 

Is  as  they  appear  in  less 


n  of  a  grain.     B,  slightly  ei 

axis  is  here  turned  into  n 

d  C,  diagrams  showing   tl 
e  of  superposition  with  two 
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D,     Irregular    Superposition, 

I.  Sympodial  Growth.— Those  species  of  plants,  especially 
common  among  Solanaceae,  in  which  an  axillary  branch  continues  tlus 
stem  of  the  plant  while  another  bud  is  formed  in  the  axil  of  its  sub- 
tending leaf,  have  often  been  made  the  subject  of  special  investigatioD 
and  can  be  studied  in  books  especially  devoted  to  this  subject.  The 
Vitaceac  among  ligneous  plants  present  cases  in  some  respects  similar 
to  these.       They  are  all  caused  by  sympodial  growth. 

II.     ZiG'ZkQ  Superposition. — Scarcely  any  other  term  will  express 
the  arrangement  of  the  superposed  branches  and  buds  of  the  plants 
in   question.       In    Thalictrum  dioicum  the  branches  will  be   found 
thrown  alternately  towards  the  right  and  left  of  a  true  median  line. 
The  superposed  buds,   both  leaf-  and   flower-buds,    of  Aristolochia 
Clematitis  will  be  found  arranged  in  a  similar  manner.       A  triplex 
patula  shows  the  same  manner  of  arrangement.       (See  Eichler,  Blue- 
thendiagramme,  II.,  pp.  83,  533  and  159.)       Various  species  of  Leg- 
uminosae  present  the  same  or  similar  features.       In  their  case  the  in- 
terest is  so  much  greater,  on  account  of  the  ordinary  forms  of  super- 
position common  to  both  the  ligneous  and  herbaceous  plants  of  this 
order.       Thus,  for  example,  in  Melilotus  alba  the  buds  are  thrown  al- 
ternately towards  the  right  or  left  of  a  true  median  line,  and  even 
where  only  two  buds  are  found  and  where  crowding  is  not  so  evident 
the  same  features  still  present  themselves.       In  closely  related  species 
of  Trifolium,  however,  the  superposition  is  of  the  ordinary  kind. 

II.     DIRECT  SUPERPOSITION. 

Lonicera    Tartarica  (7).     Two  to  five  buds  are  here  superposed. 
The  one  directly  in  the  axil  is  formed  first,  and  those  above  at  success- 
ively later  periods.       The  lowest  bud  is  the  strongest  and  generally 
produces  the  branch,  but  occasionally  several  of  them  develop.     Among 
flowering  branches,  the  lowest  buds  produce  the  flowers,  or  flower- 
clusters.        Coreopsis  tindoria  (16). — The  upper  leaf  axils  contain  a 
flowering  branch,  superposed  to  which  is  a  small  bud  which  later  in  the 
season  produces  two  or  three  leaves  and  a  flower.       C  triptcris  has 
larger  and  more  developed  superposed  buds,  the  upper  of  which  bears 
leaves  and  two  or  three  flowers.       The  superposed  branch  is  inserted, 
as  in  the  first,   directly  between  the  axillary  branch  and  the  stem. 
rassiflora  lutca, — Immediately  in  the  axil  is  a  tendril  which  represents 
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Fig,  13.  Ambrosia  artemisiaefolia^  Z.,  the  first  bud  has  here  developed  into  a 
leaf-branch ;  the  second,  into  an  inflorescence. 

Fig,  14.  PteUa  irifoliatay  Z.,  A,  a  case  of  **  Uebergiphelung".  B,  enlarged 
section  of  a  node  of  the  same  twig. 

Fig,  15.     Pterocarya  Caucasica, 

Fig,  16.  Coreopsis  tinctoria^  Nutt,^  the  first  bud  developed  into  a  flowering 
branch  ;  the  second,  into  a  flower  bud. 

Fig,  17.  Menispermum  Canadense^  Z.,  three  buds  bursting  through  the  peti- 
ole scar. 

I,  II,  III,  &c.,  the  first,  second,  third,  &c.  oldest  buds  or  their  equiva- 
lents; ps,  the  petiole  scar;  If,  the  petioles  of  leaves;  S,  stems  of  leaf-branches; 
F,  stems  of  flowering  branches  or  peduncles  of  inflorescences.  Figures  are  cited 
in  the  text  by  their  numbers. 


IV. 


MUD-INHABITING  CRUSTACEA. 

Plate  IX, 

Among  the  curiosities  of  pond  life  are  certain  minute  crustaceans 
which  spend  their  entire  life  in  the  soft  debris  and  mud  forming  the 
superficial  deposit  at  the  bottom.  The  Canthocamptus  among  cope- 
p>ods  is  commonly  found  in  such  situations,  but  this  is  less  surprising 
than  that  members  of  the  cladocera,  or  shelled  entomostraca,  with  their 
delicate  organization  and  frail  structure  should  have  become  adapted 
to  such  a  life.  In  many  marine  crustaceans  (copepoda)  the  accomo- 
dation to  such  a  reclusive  life  is  rnanifested  in  the  retrograde  devel- 
opment of  many  of  the  organs — eyes,  even,  being  absent  in  several 
cases.  The  present  paper  is  concerned  only  with  a  few  cladocera, 
which  are  peculiar  to  America  or  rare  both  here  and  elsewhere,  and 
which  exhibit  curious  and  instructive  modifications  as  a  result  of  such 
a  habitat.  The  reader  who  wishes  to  familiarize  himself  with  the  sys- 
tematic classification  of  the  group  would  do  well  to  consult  Die  Clado- 
ceren  Boehmcns^  by  Hellich,  Birge's  Notes  on  Cladocera,  and  the 
writer's  Final  Report  on  Crustacea  of  Minnesota,  while,  for  a  thor- 
ough study  of  the  physiology,  Weisman's  Beitraegc  zur  Ahiturgesrhichte 
der  Daphnoiden,  is  necessary.  A  special  paper  on  the  limicole  or 
mud-loving  cladocera  was  published  in  the  Zeitschrift  fuer  Wissenchaft- 
liche  2k)ologie,  in  1S78,  by  Dr.  Wm.  Kurz,  and  entitled  Ucber  limi- 
cole cladoccrcn.  Reference  will  be  frequently  made  to  this  paj)er  and 
this  must  be  understood  in  all  cases  of  reference  to  Kurz,  unless  other- 
wise specified.  The.se  mud-dwellers  are  happily  called  '"  schmutz-pc- 
tcrchcn'^  cladocera,  /.  e.  **  Smut-Johnny,"  or  chimney-sweej)  water 
fleas.  In  America  the  following  species  are  j)re-eminently  worthy  of 
the  name  :  Alonospilus  tenuirostris,  Leydigia  quadrangularis,  Alona 
sanguinea^  Alona  quadrangular  Pleuroxus  procurvus,  and  several  other 
members  of  the  genera  Alona  and  Pleuroxus.       The  typical  cladocera 
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are  graceful  in  movements  and  slender  in  form.  Very  generally  they 
are  more  or  less  boat-shaped  and  the  polished  shell  is  modeled  like  a 
clipper,  the  head-shield  forming  the  prow,  while,  in  a  few  cases  of  the 
best  swimmers,  (as  CamptocercuSy  Acroperus,  and  Alonopsis)  there 
is  developed  a  sharp  ridge  upon  the  back  which  bears  an  unmistakable 
resemblance  to  the  keel  of  a  boat  and,  since  the  animals  swim  upon 
the  back,  may  not  impossibly  serve  a  similar  purpose. 

In  the  mud-loving  species,  on  the  contrary,  the  body  is  clumsy  and 
approaches  the  spheroid  in  form,  the  antennae,  which  normally  are  oar- 
like and  long,  bearing  fringed  setae,  are  short  and  are  armed  with  claw- 
like spines  and  smooth  setae.  The  post-abdomen  or  tail,  which  in  the 
natatory  species  is  reduced  in  size  and  subordinated  in  function,  is  here 
enlarged  and  armed  with  numerous  and  considerable  spines.  The 
front  of  the  head  is  either  reduced  and  pointed,  or,  if  there  be  a  long 
beak,  it  is  turned  up  out  of  the  way.  The  meaning  of  all  this  is  that 
the  animal  no  longer  swims  on  its  back,  but  creeps  humbly  and  prone 
and  requires  the  efforts  of  post-abdomen  and  antennae,  as  pushing  pK>les 
to  make  its  way  through  the  debris  in  seach  of  food.  The  effect  of 
this  manner  of  life  is  seen  in  several  other  ways,  as  in  the  structure  of 
the  shell  itself.  In  several  of  our  species  the  shell,  which  is  renewed 
periodically,  is  not,  as  in  other  cladocera,  moulted,  but  remains  as  a 
sort  of  outgrown  overcoat,  after  the  new  shell  has  become  perfected. 

The  result  of  this  is  what  might  be  expected  from  the  sluggish  na- 
ture of  the  animal,  the  supply  of  clothing  thus  accumulated  becomes 
so  onerous  a  burden  that  it  no  longer  could  swim  if  it  desired  and  is 
thus  fettered  to  the  life  it  early  chose.  While  this  is  true  of  a  few 
only,  yet  in  all  the  limicole  cladocera  the  cuticle  becomes  indurated 
and  it  follows  that  respiration,  which  normally  takes  place  from  the  en- 
tire surface  of  the  body,  becomes  restricted  to  those  membranes  in 
contact  with  the  water  within  the  valves  of  the  shell.  As  a  partial 
offset  to  this  disadvantage,  the  strictly  respiratory  appendages  on  the 
feet  are  enlarged  more  than  in  most  groups.  The  sensory  organs  are 
modified  in  several  ways.  Kurz  calls  attention  to  the  fact  that  the 
antennules  are  movably  joined  to  the  body  in  the  limicole  cladocera  ; 
they  are  also,  as  a  rule,  rather  large  and  well  endowed  with  sensory 
apparatus.  The  compound  eye  is  small  and,  in  one  species,  as  we 
shall  see,  fails  to  develop  at  all. 

MoNOSPiLUS  DISPAR,  Sars.  is  the  most  remarkable  of  all  filth-dwel- 
lers.      This  animal  may  probably  lay  claim  to  be  called  the  rarest  of 
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i  family  and  has  been  seen  but  few  times.  First  described  and 
figured  by  Fischer,  from  Russia,  it  next  turns  up  in  Scandinavia,  where 
Sars  gives  a  full  Latin  description.  Norman  and  Brady  find  it  in 
England,  and  Mueller  in  Denmark,  and,  finally,  Hellich  records  it  in 
Bohemia.  It  was  also  reported  from  Minnesota,  by  the  writer, 
in  1884. 

Unlike  most  other  Hmicole  cladocera,  the  body  is  narrow  and  high, 
rather  than  globose,  the  head  is  much  depressed  and  terminates  in  a 
slender  rounded  beak,  like  the  bill  of  a  duck.  The  fornices  or  free 
margins  of  the  head-shield  are  narrow  and  flaring.  The  shell  of  an 
old  individual  is  a  curious  pile  of  overlapping  valves,  and  is  ornament- 
ed with  concentric  series  of  depressions.  The  lower  margin  is  nearly 
straight  and  bears  a  row  of  long  curved  teeth  (not  free  spines),  back 
of  which  are  two  small  teeth.  The  antenna  are  short  and  the  an- 
lennutes  rather  slender.  In  this  respect  our  specimen  seemed  to  dis- 
agree with  the  figure  given  by  Hellich.  The  labrum  is  of  large  size 
and  is  produced  into  an  acute  appendage  below,  as  in  most  Lynceids. 
The  compound  eye  is  i]uile  absent,  but  its  function  is  subserved  by  the 
kr^'al  organ,  a  quadrate  and  rather  large  fleck  at  the  base  of  the  an- 
tcnnules.  The  intestine  is  coiled  once  and  one-half  times  and  opens 
in  about  the  middle  of  the  flat,  pentagonal  post-abdomen.  The  latter 
bears  straight  terminal  claws,  each  with  a  single  basal  spine,  a  series  of 
rather  small  triangular  teeth,  posteriorly,  and  irregular  areas  of  fine 
spines  upon  the  sides.  The  male  is  not  known  and  many  points  of 
interest  remain  to  be  made  out. 

The  two  species  of  Leydigia,  both  of  which  occur  in  America,  are 
familiar  enough  and  are  sufficiently  well  described  to  render  a  repeti- 
tion of  the  description  needless.  It  is  otherwise  with  the  only  species 
of  Ilyocripfus  yet  found  in  America. 

Ilvocrvptus  SETiKER,  Herrick. — The  description  given  in  my 
"Final  Report,  etc.,"  is  very  brief  and  no  comparisons  were  there 
instituted  with  the  /.  agilis  of  Kur2  which  is  its  nearest  ally  in 
Europe.  The  paper  by  Kurz  referred  to  gives  detailed  descriptions  of 
the  three  European  species  accompanied  by  elegant  plates.  We  are 
able,  therefore,  to  draw  up  the  following  distinctive  diagnosis  of  the 
species,  hoping  thereby  and  by  means  of  the  figures  to  show  the  rela- 
tions of  the  four  species  at  present  known.  It  is  almost  certain  that 
*e  have  more  than  one  species  in  America  and  the  careful  description 
of  the  known  form  may  make  the  detection  of  others  easier. 
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The  size  varies  greatly,  a  full  grown  female  with  eggs  in  the  brood 
cavity  is  nearly  .90  mm.  long  and  .70  high,  while  a  smaller  female 
measures  .65  mm.  long  by  .44  high.  The  form  of  the  shell  is  nearest 
like  that  of  /.  acutifrons^  the  heighth  being  less  than  in  /.  sordidus, 
and  the  angle  between  the  ventral  and  posterior  margins  less  than  in 
/.  agilis.  The  entire  length  of  the  post-abdomen  in  the  large  female 
is  .56  mm.  measured  to  the  base  of  the  caudal  stylets,  of  which  length 
.168  mm.  pertains  to  the  claws.  The  width  of  the  post- abdomen  is 
but.  14  mm.  Thus  it  is  evident  that  the  proportions  of  the  post- 
abdomen  differ  greatly  from  any  of  the  other  species,  it  being  very  long 
and  narrow.  The  terminal  claws  are  exactly  as  in  /.  agilis^  having 
two  small  basal  spines  and  a  few  sharp  serrations  near  the  apex,  an- 
teriorly. Near  the  base  of  the  claw  is  a  cluster  of  small  spines  of 
two  sizes,  then  begins  a  series  of  about  sixteen  lateral  teeth  averaging 
.02  mm.  in  length  and  extending  to  the  sides  of  the  anus.  Above 
this  point  the  contour  of  the  margin  is  convex  and  is  ornamented  with 
nine  spines  twice  as  long  as  the  preceeding.  Then  follow  the  promi- 
nences which  bear  the  long  and  simple  caudal  setae.  Besides  the 
above  mentioned  spines  there  are  four  spines  on  either  side  upon  the 
lower  posterior  angle  of  the  post-abdomen  which  are  four  times  as  long 
as  those  of  the  previously  mentioned  continuous  series  (/.  e.  .08  mm.) 
Above,  the  abdomen  is  hirsute  or  thorny  as  in  7.  agilis,  and  the  process 
for  closing  the  brood  sac  is  similar.  It  will  be  seen  that  the  post- 
abdomen  differs  in  armature  as  much  as  in  form  from  other  species. 
From  /.  sordidus  it  differs  in  the  following  points  : — the  claws  are  not 
pectinate  behind  but  are  serrate  in  front,  the  anal  opening  is  higher 
and  the  details  of  the  spines  vary  ;  from  /.  acutifrons  it  differs  in  that 
the  claws  are  not  pectinate,  neither  is  there  a  spine  in  front  of  the  claws, 
and  the  anus  is  not  terminal ;  from  /.  agilis  it  differs,  in  that  the  shape 
is  different,  there  are  fewer  enlarged  sj)ines,  and  the  shape  of  the  nine 
spines  above  the  anus  is  different.  The  head  is  convex,  resembling 
/.  sordidus  most  nearly,  but  the  antennules  are  much  longer  and  more 
slender  than  in  any  other  known  species.  They  are  .17  long  and  about 
.016  mm.  wide,  while  the  longest  seta  is  .084  long.  The  antennae  are 
almost  exactly  as  in  /.  sordidus.  The  labrum  lias  the  usual  shape,  as 
have  the  jaws  and  other  apj)endages.  The  margins  of  the  shell  are 
ornamented  with  sj)ines  simply  pectinate  or  barbed,  as  in  /.  agilis.  In 
/.  sordidus  these  spines  are  variously  branched  and  in  that  form  alone 
of  the  European  species,  according  to  Kurz,  is  there  a  failure  to  per- 


OF  DINISON  XmiVSRSITY. 


4X 


feet  the  moult;  in  our  species,  which  has  simply  pectinate  setae,  the  old 
coverings  are  all  but  uniformly  retained.  The  spines  of  the  lower 
posterior  margin  are  from  .16  mm.  to  .20  mm.  long. 

Such  are  some  of  the  chief  peculiarities  of  the  species,  but,  to  make 
the  relation  between  the  four  species  of  this  little-known  genus  even 
olearer,  if  possible,  the  following  comparative  table  is  appended. 


The  shell  moulted  periodically  — 
The  shell  not  moulted  but  retained — 


Antenules  not  more  than  eight  times  as  long  as  broad - 
Antenules  more  than  eight  times  as  long  as  broad — 


Claw  of  post.abdomen  pectinate — 
Claw  of  post-abdomen  not  pectinate — 


A  strong  spine  in  front  of  claw — 
Fine  bristles  or  none  in  front  of  claw 


Anus  opening  near  the  claws — 

Anus  about  midway  of  the  posterior  border — 


Marginal  spines  of  shell  much  branched — 
Mai^nal  spines  nowhere  much  branched — 


Elongated  anal  spines  on  either  side,  four  or  five,  very  long — 
Elongated  anal  spines  more  numerous — 


Upper  ,(one  to  three)  spines  of  the  supra-anal  series  modified 

and  enlarged — 

Upper  spines  like  the  others — 


/.  agilis, 
I.  acutifrmts. 
I.  soVdidus, 
I.   spinifer. 


{ 


/.  sordtdus, 

I.  agitis. 

I.  acutifrons, 

I.  spinifer. 


I.  sordtdus. 

I.  acutifrons, 

I,  agilis. 

I.  spinifer. 


I.  acutifrons. 

'  I.  sordidiis. 

I.  agilis. 

I.  spinifer. 


J.  acutifrons, 

I.  sordidus. 

I.  agilis. 

I.  spinifer. 


{ 


/.  sordidus, 

I.  agilis. 

I.  acutifrons. 

I.  spinifer. 


{ 


/.  spinifer, 

I.  agilis. 

I.  aattifrons. 

I.  sordidus. 


\I.  acutifrons, 
\I.  agilis. 
\I.  sordidus, 
\  I   spinifer. 
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Plate  IX, 

Fig,  I.     Hyocryptus  spinifer^  Her.,  female. 

Fig.  2.     Post-abdomen  of  same. 

Ftg.  3.     Antenule  of  same. 

Ftg,  ^A.     yaw  of  /.  sordidus, 

Ftg,  4.     Post-abdomen  of  same. 

Fig,  5.     Post-abdomen  of  /.  agilis. 

Fig.  6.     Head  of  same,  antennae  being  removed. 

Fig,  7.     Antenule  of  /.  sordidus. 

Fig,  8.     Spines  on  edge  of  shell  of  same. 

Fig.  9.     Post-abdomen  of  /.  acuiifrons. 

Fig,  10.  Moncspilus  dispar^  female. 


[Pla/ts    fI~IV,  and  Plate  X. 


Intn'duclion. — In  the  series  of  paper?  here  begun,  it  is  expected  to 
treat  the  subject  in  somewhat  the  following  order:  First,  in  an  intro- 
ductory section,  an  outline  of  the  general  characteristics  will  be  given, 
then  we  shall  proceed  to  a  description  of  species  without  attempting  to 
treat  Ihera  in  systematic  order,  finally,  if  permitted,  space  may  be  de- 
voted to  a  review  of  the  classification  and  a  more  detailed  discussion 
of  anatomy  and  development.  The  present  installment  attempts 
simply  to  describe  a  few  of  the  common  species  of  a  number  of 
genera. 

A  rotifer  may  be  described  as  a  worm-like,  bilateral,  metazoan. 
moving  by  means  of  a  circum-oral  trochal  disc,  and  either  adherent  or 
free-swimming.  Many  of  the  animals  of  this  group  are  exceedingly 
small  and  are  greatly  exceeded  in  size  by  certain  Infusoria,  and  it  was 
this  circumstance,  as  well  as  a  certain  outward  similarity  in  appearance, 
which  led  Ehrenberg  to  include  both  under  the  one  head  and  to  as- 
cribe to  Infusoria  the  same  complicated  structure  he  was  able  to  make 
out  in  rotifers.  Living  in  all  fresh  waters,  these  animals  are  among 
the  most  accessible  objects  for  the  microscope,  yet,  on  account  of  the 
care  necessary  in  their  study  and  the  scattered  literature,  they  have 
been  much  neglected  in  America, 

The  body  of  all  rotifers  exhibits  a  tendency  to  segmentation,  which 
is,  however,  mainly  confined  to  the  integument.  The  inner  organs 
are  but  slightly  affected  by  the  jointing,  except  the  muscular  system 
which  is,  moreover,  largely  responsible  for  the  number  and  arrange- 
ment of  the  segments.       Very  gem  'ally  the  body  terminates  posteri- 
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orly  in  a  several-jointed  abdomen  or  "foot,"  which  bears -two  caudal 
stylets  and  contains  glands  which  secrete  a  gummy  fluid  used  by  the 
animal  in  temporarily  adhering  to  other  objects.  The  form  varies 
from  nearly  spherical  or  round  lense-shaped  to  terete  and  extended. 
The  cuticle  is  modifided  in  various  ways,  sometimes  appearing  like  a 
bivalve  shell  and  thus  hightening  the  resemblance  to  certain  entomos- 
traca  and  explaining  why  older  naturalists  classed  the  rotifers  under 
Crustacea.  The  cuticle  may  be  smooth  or  beautifully  ornamented  and 
produced  into  long  spines  or  marked  off  into  areas  outlined  by  im- 
pressed or  raised  lines.  The  cuticle  is  secreted  by  a  hypodermic  layer 
which  is  often  seen  obviously  to  consist  of  cellular  tissue.  Notwith- 
standing the  protection  afforded  by  a  chitinous  shell,  some  species 
(as  Melicerta  ringens)  build  for  themselves  a  tube  composed  of  ma- 
terials gathered  from  the  water  and  apparently  connected  by  a  cement 
secreted  in  a  gland  near  the  mouth.  Such  an  envelope  may  be  com- 
pared to  those  swallows'  nests  eaten  in  Asia,  or  the  case  of  a  caddis-fly. 
Some  of  the  species  live  in  colonies,  and  when  the  colony  is  spherical, 
as  in  Conochilus^  it  is  a  veritable  microcosm — a  sphere  of  active,  vora- 
cious creatures  whirling  through  aqueous  space.  In  only  one  case  is 
it  certainly  known  that  a  moult  takes  place,  and  facts  seem  to  be  un- 
harmonizable  with  the  theory  that  such  a  change  of  coats  is  affected. 

The  cilia  of  the  trochal  disc  or  **  wheel"  are  arranged  in  the 
greatest  variety  of  ways  in  different  genera.  The  attempt  is  made  to 
refer  all  these  forms  back  to  a  fundamental  form — /*.  c.  a  double  circlet 
of  cilia,  the  outer  of  which  is  largest  and  serves  as  locomotory,  while 
the  inner  set  is  under  the  control  of  voluntary  nerves  and  serves  simply 
to  bring  food  within  the  pharynx.  In  many  cases  there  is  really  no 
indication  of  such  a  distribution  and  the  cilia  seem  to  be  merely  iso- 
lated clusters  of  hairs  scattered  about  the  oral  end  of  the  body. 
Several  of  the  rotifers  are  parasitic  and  cling  to  the  less  exposed  parts 
of  the  body  of  certain  Amphipods,  or  on  Annelides,  or  are  endopara- 
sitic.  The  muscles  are  often  very  conspicuous  and,  when  large,  show 
the  striated  structure  well.  The  alimentary  canal,  maxtax,  and  the 
contractile  water  vessel  have  muscular  tissue  af  another  sort. 

The  nervous  system  is  most  difficult  to  study  and  little  is  certainly 
known  of  its  structure.  Usually  there  can  be  made  out  a  considera- 
ble granular  mass  over  the  maxtax  and  in  close  proximity  to  the  eyes, 
this  is  assumed  to  be  the  principal  ganglion.  From  the  chief  or  cen- 
tral ganglion  line  nerves  pass  to  the  muscle  and  organs  of  sense. 
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The  eyes  are  double  or  single  and  are  sometimes  supplied  with  a 
IcDse ;  they  are  always  furnished  with  a  dark  red  pigment  and,  very 
generally,  rest  directly  upon  the  ganglion.  There  are  occelH  at  vari- 
ous points  in  the  trochal  disc  of  some  species.  The  sense  of  touch 
is  delicate,  and  there  is  often  a  special  tactile  tentacle,  or  palpus  with 
minute  tactile  rods.  This  may  be  reduced  to  a  slight  papilla  or  a  pit, 
with  sensory  hairs.  No  other  sensory  organs  have  been  discovered,  ai- 
thotigh  Huxley  fancies  that  to  be  an  oclocyst,  which  the  Germans  call  the 
■•  Kalk-bcutel,"  i.  e.  the  lime-sac.  This  is  a  spheroidal  sac,  contain- 
ing irregular  grains  of  lime.  The  function  is  unknown,  but  it  may 
be  simply  a  reserve  supply  to  be  used  in  preserving  the  rigidity  of  the 
indurated  parts  of  the  body. 

The  mouth  is  more  or  less  ventral,  while  the  anus  is  dorsal.  The 
mouth  leads  by  the  pharynx  into  a  roomy  and  expansible  crop  or 
directly  into  the  maxtan  or  masticatory  organ,  and  this  is  armed  with 
chltiDOUS  ap)}endages  of  the  most  various  form,  but  referable  to  a  sim- 
ple type.  Here  there  is  a  centra!  anvil-like  part  called  the  incus  and 
two  lateral  mallei  which  consist  of  a  handle  (or  manubrium)  and  a 
head  (uncus)  which  beats  upon  the  incus  and  reduces  the  hard  parts 
oi  the  food.  The  maxtax  opens  into  a  narrow  ciliated  oesophagus 
which,  in  turn,  leads  to  the  stomach  proper. 

'ITie  stomach  is  sometimes  quite  distinct  from  the  succeeding  parts 
of  the  system,  but  sometimes  can  only  be  distinguished  by  the  large 
size  and  absorbtive  character  of  its  cells.  Into  the  stomach  is  poured 
the  secretion  of  a  pair  of  glands  which  may  be  compared  to  the  so- 
called  salivary  glands  of  insects  or  the  liver  and  salivary  glands  of  ver- 
tebrates. The  size  of  the  glands  is  dependent  on  the  diet  of  the  ani- 
mal- In  carnivorous  species  the  glands  are  small,  while  in  others 
become  quite  conspicuous.  The  intestine  is  clothed  with  long 
lia  and  opens  into  the  cloaca  or  common  receptacle  of  the  reproduc- 
'tiTe,  water  vascular,  and  alimentary  systems.  In  some  species,  how- 
ever, the  stomach  is  a  ccecum  and  has  no  anus.  Males  uniformly 
lack  the  alimentary  system  and  are  short-lived  creatures  of  love.  In 
some  cases  evident  messentaries  support  the  digestive  tract. 

The  excretory  system  consists  of  a  pulsating  bladder,  opening  into 
the  cloaca,  and  two  lateral  vessels  of  various  form,  upon  which  are 
flagellate  chambers  which  contribute  to  keep  up  a  circulation  between 

cavity  of  the  body  and  this  vascular  system. 

Re^iratory  and  circulatory  organs,  in  the  received  sense,  are  absent, 
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respiration  taking  place,  as  in  many  small  entomostraca,  through  the 
body  surface,  and  circulation  is  affected  by  the  rythmical  movements 
of  the  digestive  tube  and  the  ciliary  action  in  the  later  vessels. 

In  mature  females  much  of  the  body  cavity  is  filled  by  the  ovary 
and  the  yolk  masses  or  eggs.  The  ovary  is  disc-shaped,  botryoidal 
or  variously  contoured  and  in  the  grey  substance  exhibits  hyaline  spots 
containing  the  nucleated  ovule  cells.  A  part  of  the  ovary  temporari- 
ly secretes  the  yolk  when  the  egg  reaches  maturity,  so  that  the  appear- 
ance of  the  viscera  differs  greatly  at  different  times.  The  egg,  after 
extrusion,  is  commonly  carried  about  in  a  delicate  external  brood-sac 
as  in  copepoda. 

To  add  here  the  details  of  the  development  of  the  egg  would  lead 
us  too  far.  The  male,  as  before  said,  has  no  functional  digestive  tract 
and  is  not  only  much  smaller  than  the  female,  but  suffers  a  reduction  in 
many  organs.  The  sensory  organs  are,  however,  well  developed.  The 
testis  is  spindle-shaped  or  oval  and  opens  in  a  papilla,  which  also  con- 
tains the  opening  of  the  water  chamber  or  pulsating  vessel.  The 
spermatozoa  are  rod-like  or  thread-like  and  motile. 

The  Rotifera  are  found  in  fresh  and  salt  water  over  the  entire  globe. 
Some  species  may  be  found  in  damp  situations  on  land.  They  exceed 
.even  the  lower  Crustacea  in  their  great  adaptability  to  changes  in  out- 
ward surroundings.  Not  only  is  drought  not  destructive  to  the  eggs, 
but  the  animal  itself  endures  a  long  |)cri()d  of  dissication.  Other 
notes  u|)on  the  habits  must  find  their  j)lace  under  the  special  descrip- 
tions. 

Descriptive  Part. — As  above  stated,  the  following  descriptions  are 
given  without  attemjjt  at  orderly  arrangement,  with  the  expectation  of 
ultimately  attempting  a  systematic  review.  In  cases  where  lack  of 
literary  aids  make  positive  identification  impossible,  the  descrii)tion 
alone  will  be  given,  awaiting  future  identification. 

(IKNUS  FLOSCULARIA,    Okeii. 

The  head  is  marj^ined  by  five  oval  processes  bearing  exceedingly  long  setae  of 
excessive  fineness.  'Die  moutli  i>  central,  with  a  funnel-form  opening.  There  is 
a  crop-like  vestibule,  separated  by  a  partitit)n  from  the  pharynx,  except  in  the  cen- 
tre, which  is  perforate,  the  opening  being  margined  by  several  pendulous  cilia. 
The  adult  is  attached  ))y  a  long,  jointed  foot,  but  the  young  is  motile  and  possesses 
eyes,  which  are  aborted  after  the  metamorphosis. 


Floscllaria  Ornata,  Ekr. 
is  not  a  rare  inhabitant  of  the  i>ools  of  Minnesota.  The  very  full  de- 
scri|)tions  of  this  species,  given  hy  various  authors,  would  seem  to  have 
exhausted  the  subject,  but  we  do  not  even  yet  feel  sure  that  the  so- 
tailed  species  are  not  local  or  age  variations.  The  other  species  are 
F.  appetidiritlata,  F.  proboscidta,  F.  eomplanala,  F.  longUoba,  and  F.' 
trifoltHm. 

Of  Rotifer  and  Callitiina  we  find  a  number  of  species,  bill  reserve 
the  consideration  of  the  group  for  another  occasion. 

Notommata  furnishes  several  species  which  are  very  abundant  and 
striking,  but  a  large  number  of  works  are  necessary  for  their  study. 


GENUS  EUCHLANIS,  Ehr. 

The  Inrica   is  oval  and  com|iosed  of  an  nrehnl  dorsal  shield  a 


id  a  plan 


tral  one.  The  loricn  in  fronl  i«  bioud  and  presents  a  targe  opening  for  the  head. 
The  shell  often  has  a  carina,  above,  while  the  dorsal  shield  is  movable  upon  the 
ventral.  The  ifochal  disc  is  strongly  ciliale  and  lieori  Iwo  terminal  sensory  or- 
gina  wirh  clumps  of  tai:iile  hairs.  There  is  a  single  cervical  eye  and  Ihe  viscera 
are  highly  differentiated.       I'he  foot  h.is  four  short  Bcgmenl!,  and   two  terminiLt 


EUCHI.ANIS   (DILATATA)    HIPPOSItiEROS,    GOSSC. 

\Plale  III.  Fig.  7.] 
The  identification  of  our  species  with  the  above  is  made  in  sj)ite  of 
minor  points  of  disagreement  which  may  be  looked  upon  as  the  result 
of  faults  in  the  descriptions  or  slight  variations  in  structure.  Eckstein 
gives  the  length  at  .45  mm.,  while  Eyferth  says  .35  mm.  Our  spe- 
cies varies  only  between  .z3  and  .%},  mm.  and  is  quite  uniform,  so  far 
as  observed.  The  form  is  oval,  the  lorica  being  excavated  before  and 
behind,  as  shown  in  the  figure,  although  it  is  not  often  seen  as  clearly 
as  drawn. 

The  trochal  disc  has  two  broken  circlets  of  cilia,  and  on  either  side 

e  head  is  a  pit  densely  ciliated  within.       The  drawing  given  by  Eck- 

ein  shows  the  arrangement  well.       Two  curious  sensory  organs  oc- 

Ipy  die  very  front  of  tiie  head.       The  ganglion  is  very  large  and 

rate,  the  eye  being  near  its  anterior  part  and  quite  large.       The 

i  quadrate,  showing  the  component  parts  well.       The  stomach 

\  ob-pyriform  and  there  are   two  accessory  glands.       The  ovary   has 

y  large  nuclei  and  the  egg  is  of  great  sizu.       The  contractile  vessel 
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is  clearly  seen  and  all  the  details  of  the  water  vascular  system  may  be 
made  out  with  ease.  The  lateral  vessels  are  tortuous  canals,  while 
upon  them  are  seated  beaker  cells,  the  flask-shaped  base  of  which  con- 
nects directly,  by  means  of  a  curved  tube  of  less  diameter,  with  the 
main  canal.  The  mouth  of  the  flask  is  directed  downwards  and 
has  a  small  opening  near  which  is  the  point  of  insertion  of  a  long 
cilium  which  extends  upward  into  the  flask,  where  it  is  constantly  in 
motion.  There  seems  to  be  no  reason  to  doubt  that  by  means  of 
these  beaker-cells  the  vascular  system  is  in  communication  with  the 
perivisceral  cavity.  The  foot  is  comparatively  slender  and  has,  aside 
from  distinctly  cross-striate  muscles,  two  large  foot  glands  which  o{>en 
in  the  ends  of  the  rather  long  dagger-shaped  claws.  A  pair  of  fine 
bristies  springs  from  the  dorsal  surface  of  the  last  segment  of  the  foot 
The  following  measurements  were  taken  : 

No.   I.     lorica  .22  mm.   long.  No.  2.     .22  No.  3.     .24 

**      .14  mm.  wide.  .14  .15 

foot     .06  mm.  long.  .06  — 

claws  .07  mm.  long.  .07  .072 

jaw  capsule  .06  mm.  long.  .06  .048 

Found  in  Minnesota  during  the  whole  summer  among  water  plants. 

EUCHLANIS    AMPULIFORMIS,    Sp.  n. 

[Plate  II,  Fig.  3.] 
This  species,  which  deviates  toward  Salpina,  is  smaller  than  the 
above  and,  in  outline,  is  somewhat  flask-shaped.  The  back  is  cari- 
nate  and  the  flat  ventral  plate  is  excavated  posteriorly  with  a  cordate 
opening.  The  head  is  produced  and  densely  hairy  below.  The 
maxtax  is  small,  but  the  cervical  eye  is  very  large.  The  nuclei  of  the 
ovary  are  very  conspicuous,  although  the  egg  is  not  as  large  in  propor- 
tion as  in  the  above.  The  foot  is  four-jointed  and  the  claws  are  elon- 
gated and  somewhat  curved.  The  lorica  is  .16  mm.  long,  the  claws 
.08  mm.  Another  individual  measured  .20  mm.  and  the  claws  were 
.12  mm.  long.       This  species  was  seen  but  twice,  June   i8th,  1884, 

in  Minnesota. 

POLYARTHRAEA. 

The  family  includes  the  two  genera,  Triarthra  and  Polyarthra.  In  both 
genera  the  foot  is  wanting  and  appendages  of  the  sides  of  the  body  take  its  place. 
Th^  body  is  not  segmented  except  anteriorly  and  the  form  is  not  definite.  The 
genus  first  mentioned  has  two  lateral  and  a  ventral  appendage,  while  in  Polyarthra 
the  appendages  are  collected  in  groups  upon  the  opposite  sides.  \w  both  genera 
the  egg  ib  carried  about  as  in  Anunu:, 


GENUS  POLYARTHRA,  Ehr. 


o  far  been  encouniered  and  I  am  able,  with 
;over  no  reason  to  doubt  its  identity  with  P. 


A  single  species  has  S' 
the  works  at  hand,  to  dist 
platyptera  of  Ehrenberg. 

When  swimming  freely  this  animal  seems  to  consist  of  two  quad- 
rilateraJ  segments,  the  first,  or  head  segment  being  considerable  shorter 
than  wide  in  outline,  while  the  body  is  a  third  longer  than  wide.  The 
Irochal  ciliaiion  is  slight.  Two  sensory  organs  are  conspicuous  upon 
the  front  of  the  head  and  the  eye  occupies  the  middle  of  the  first 
segment  near  its  posterior  margin.  The  maxtax  is  very  large  and  the 
stomach  is  short,  with  a  tubular  intestine.  There  are  two  prominences 
on  either  side  of  the  body  near  the  front,  each  bearing  three  lanceolate 
spines.  The  egg  is  very  large  and  is  perhaps  half  as  bulky  as  the 
whole  body.  The  contractile  vessel  is  small  and  httle  could  be  seen 
of  the  lateral  vessels.  The  length  is  .10  mm.  ;  width,  .08  mm.;  setie, 
.08$  mm.  long.  This  species  seems  rare  and  was  found  among  plauts 
in  standing  water  during  June  and  July  of  1884  and  1885  near  Min- 
neapoHs. 

The  group  of  genera  termed  Macrodailylea  or  Longiseta  includes 
such  animals  as  have  a  more  or  less  elongate  and  frequently  cylindrical 
body,  often  strongly  curved,  and  jiossess  the  following  characters. 
The  cuticle  is  considerably  indurated;  the  terminal  segment  of  the  foot 
is  long ;  there  is  usually  a  lack  of  symmetry  exhibited  by  the  claws  or 
maxtax ;  and  the  cilia  are  sparse  upon  the  trochal  disc. 

The  following  genera  are  at  present  included  in  the  family : 

Scaridium,  Monura,  pHreularia,  Disiemma,  i\foifocerca,Masligo- 
eena,  Diurella,  I/cierngnathus,  Raltulus. 

GENUS  DIURELLA,  Borv  de  St.  V. 
The  body  is  more  or  [ess  perfectly  cylindrical,  am)  curved  either  venlnlly  or 
donatly.  The  claws  are  rather  long  and  frequently  seem  united,  and  are  curved 
rentrslly.  The  eye  is  cervical  and  single.  There  is  a  sensory  tube  upon  the 
Bpper  (dorsal)  pan  of  ihe  disc.  Three  species  are  described,  although  doubl  cx- 
i(U  u  to  the  specific  value  of  one  of  these;  ihey  are  D.  ligra,  Ehr,  V.  Rahulus, 
Eyfervh.  and  D.  slylata.  Eyferlh,  lo  which  a  specie?  is  ndded  below  under  ihe  name 
D.  utngms.     The  common  species  in  America  is 


DiUKELLA  TIGRIS.  (E/ir.)  Bory. 
The  descriptions  and  figures  of  European  authors  vary  remarkably 
in  this  instance,  but  from  them  all  we  are  able  to  gather  sufficisot  to 
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make  it  reasonably  sure  that  our  species  is  really  D,  tigris.  It  is 
quite  variable  in  size  and  form.  The  cylindrical  body  is  strongly 
curved  ventrally.  The  head  is  distincdy  set  off  from  the  body  by  a 
suture  as  represented  by  Eyferth  but  not  by  Eckstein.  The  sides  of 
the  neck  extend  into  a  sharp  spine  on  either  side,  which,  however,  may 
be  easily  overlooked.  There  is  a  sensory  cylinder  which  forms  a  third 
prominence  upon  the  front.  The  foot  consists  of  but  a  single  evident 
segment  which  is  quite  short.  The  appendages  assume  a  variety  of 
appearances.  Usually  they  seem  to  form  a  flattened  triangular  plate 
curved  in  the  same  plane  as  the  body.  This  appearance  is  figured  by 
Eckstein,  though  he  describes  the  appendages  as  consisting  of  two  pairs, 
the  outer  half  as  long  as  the  inner,  both  being  united  at  the  tips  into 
one  plate.  Eyferth  says,  oh  the  other  hand,  that  the  foot  bears  two 
unequal,  bristle-like,  curved  claws,  but  his  drawing  shows  two  equal 
claws.  Our  experience  confirms  Eyferth's  account.  Like  Rattulus, 
this  species  moves  in  circles  or  arcs  of  circles  when  lashing  its  tail,  but 
has  the  power  of  moving  in  a  straight  line  by  the  use  of  the  cilia  alone. 
The  maxtax  is  nearly  as  drawn  by  Eckstein.  The  chief  organs  are 
two  anchor  like  indurated  processes  which  are  unlike  in  length  and 
form.  The  walls  of  the  maxtax  are  furnished  with  ring-muscles. 
The  stomach  is  glandular  and  its  cells  contain  large  globules  of  fatty 
matter.  The  intestine  is  pear-shaped  and  furnished  with  numer- 
ous cilia.  The  contracting  vessel  is  large  but  the  lateral  vessels 
are  not  easily  seen  and  I  can  add  no  details.  The  single  cervical  eye 
is  large  and  seated  on  a  large  elongate  ganglion.  The  ovary  is  small 
and  the  egg,  when  present,  occupies  the  left  side  of  the  body  on  its 
ventral  aspect.  The  total  length  is  about  .20  mm.  of  which  the  body 
forms  .16  mm.  The  longer  claw  measures,  in  large  specimens,  .048 
mm.  and  the  shorter  only  .036  mm.  Sometimes  I  fancied  that  I  saw- 
two  lateral  spines  as  described  by  Eckstein.  The  width  of  the  lorica 
is  about  .65  mm.  This  species  was  encountered  in  Ohio  and  Minne- 
sota in  all  situations  and  seasons. 

DiURFXLA  INSUiNIS,   Sp,    11. 

{Plate  IV.     Fig.  6.) 

A  larger  species  than  the  above  is  found  in  Minnesota.  The 
length,  exclusive  of  the  claws,  is  from  .17  to  .20  mm.  The  claws 
are  .06  mm.  long,  one  being  much  longer  than  the  other.  There  are 
spines  in  the  cervical  region  similar  to  those  described  in  in  the  above. 


The  body  is  much  more  slender,  while  the  viscera  do  not  differ  essen- 
tially rroii)  D.  ligris. 

GENUS  MONOCERCA,  Ehk. 

This  gcnui  includes  elongnletl,  nearly  cylindrical  or  conical  fornii,  having  a 

single  greatly  elongaleit  clan  and  more  or  fewer  acceuory  <ipinci  on  the  last  seg- 

miMil  oE  the  foot.      The  maxCai  is  elongate,  with  unequal  indurated  ridgen.       The 

stomach  is  oval  and  the  inleiiline  cylindrical. 

The  only  specimens  of  this  genus  as  yet  seen  resemble  very  closely 
M.  mttui  of  Ehrenberg  but  are  somewhat  longer.  The  lorica  is  .30 
mm.  long  while  the  claw  is  .21  mm.  The  foot  consists  of  two  seg- 
ments, both  of  which  arc  very  short,  while  the  last  carries  four  or  more 
unequal  spines.  The  puUaling  vessel  is  elongate  oval  but  the  details 
were  not  studied.     This  rotifer  it  quile  rare. 

GENUS  DINOCHARIS,  Ehr. 

'I~he  lorica  is  cylindrical  or  prismatic,  with  a  wide  opening  in  front.       The 

head  i»  distinct  and  feebly  ciliated.       The  eye  is  tervicaJ,       The  fool  is  long,  rigid, 

and  three  jointed.       The  daws  ate  long  and  the  foot  liears,   beside  these,  long 

>plD«s  anteriorly  and  behind.      The  whole  shell  !>;  densely  covered  with  granula- 

DlNOCHARIS   POCILLUM,  Ehr.   (?) 

(Plate  II.  Fig.  I.) 
The  roost  abundant  form  of  this  genus  in  America  varie 
in  both  size  and  details  of  structure  that  one  is  tempted  li 
with  the  mo.st  frequent  species  of  Europe  in  spite  of  v 
the  descriptions  of  authors.  The  outline  of  the  lorica  i* 
and  its  symmetry  is  broken  by  two  ridges  near  the  posterior  edge,  pass- 
ing tra.ns\-ersely.  It  is  i  1-5  times  as  long  as  wide.  The  first  segment 
of  the  foot  is  short  and  bears  two  long  curved  spines  above.  The 
middle  joint  is  twice  as  long  and  nearly  cylindrical.  The  third  seg- 
ment is  about  as  long  as  the  first  and  bears  two  curved  claws  four 
times  as  long  as  the  segment  and  also  a  short  spine  about  as  long  as 
the  segment. 

The  whole  body  is  about  .24  mm  long,  including  the  claws,  which 
measure  .08  mm.  The  eye  is  large  and  is  seated  on  an  ovoid  ganglion. 
The  ovary  is  large  and  the  nuclei  are  quite  distinct.  The  egg  is 
obliquely  placed  and  nearly  as  long  as  the  width  of  the  lorica.  I'wo 
curved  elliptical  glands  lie  in  front  of  the  stomach.  The  lateral  ves- 
sel* of  the  vascular  system  are  large.      Encountered  only  in  Minnesota. 


so  greatly 
identify  it 
from 
cup-shape 
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A  somewhat  larger  form,  also  found  in  Minnesota,  has  more  slender 
claws  and  seems  to  lack  the  spine  on  the  last  joint  of  the  foot.  The 
shape  is  otherwise  the  same. 

The  cast-off  shell  of  still  a  different  form,  in  which  there  is  an  in- 
dication of  segmentation  near  the  anterior  of  the  lorica,was  once  seen. 

GENUS  SALPINA,  Ehr. 

Somewhat  resembling  Euchlams^  but  having  spines  upon  the  front  and  posterior 
margins  of  the  laterally  compressed  lorica.  There  is  a  median  area  above,  which 
is  less  perfectly  indurated  than  the  sides,  giving  rise  to  two  ridges.  The  foot  is 
short,  three-jointed,  and  bears  two  lanceolate  claws.  The  eye  is  single  and  the 
ciliation  of  the  trochal  disc  rather  strong.  The  maxtax  is  large  and  the  digestive 
tract  well  differentiated.  Water- vascular  system  with  two  or  three  beaker-cells  on 
either  side.     The  egg  is  carried  about  with  the  parent  after  extrusion. 

Salpina  affinis,  sp.  n, 

{Plate  II.,  Fig,  4,) 

This  species  is  so  allied  to  S.  mucronatay  Ehr.  that  it  is  with  some 
hesitation  that  a  new  name  is  proposed.  While  agreeing  in  most 
characters,  it  differs  from  that  species  in  having  the  upper  pair  of 
anterior  spines  much  longer  than  the  lower  and  curved  downward  and 
in  having  the  lower  pair  of  posterior  spines  much  longer  than  the 
single  upper  one  and  curved  upward.  S.  mucronata  is  said  to 
measure  but  .15  to  .16  mm.,  while  our  form  is  .22  to  .24  mm.  long  and 
.10  mm.  wide.  The  anterior  spines  measure  .045,  length  of  claws,  .06 
mm.  The  whole  shell  is  granulated  and  there  is  a  band  in  front,  set 
off  by  a  distinct  line.  There  is  a  sensory  tube  which  bears  a  bundle 
of  cilia  at  its  end,  and  which  usually  projects  from  between  the  two 
dorsal  spines  of  the  lorica.  The  eye  is  lunate  and  seated  on  a  very 
large,  almost  spherical  ganglion.  The  maxtax  is  very  large  and  opens 
into  a  slender  oesophagus.  The  stomach  is  glandular  and  saccate. 
The  very  large  egg  is  ventral.  Nd  careful  study  was  made  of  the 
viscera.     Minneapolis,  May. 

The  species  of  the  genus,  aside  from  those  mentioned,  are  5". 
spinigeray  Ehr.,  S.  brevispina,  Ehr.,  5*.  ventralis,  Ehr.,  S.  bicarinata, 
Ehr,  S,  redunca^  Ehr.,  S.  dent  at  us  ^  Duj.,  and  S,  polyodouta,  Schm. 
There  is  reason  to  suppose  that  several  of  these  are  but  varietal  forms. 
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GENUS  MONOSTVLA.  Ehr. 


ig  large,  nalched  before  and  behind.  The 
3  long  terminal  one  ending  id  a  small  tpine, 
ne  lung  spine  The  eye  i»  single  and  silu- 
Tlie  maxtax  is  targe  and  quadrate.       The 


Shell  depressed,  ovixl  -,  head  open: 
fool  has  two  ihort  baial  segmcnls  »nd 
hrnce  appearing  as  though  hearing  ■ 
steil  al  the  base  of  a  large  ganglioii. 

MONOSTVLA    (iJlIADRIDF.NTATA,   JSAr.  ?) 

Twu  species  of  Monostyla  have  been  thus  far  encountered,  one  of 
which  may  be  identical  with  Af.  quadridcntata  of  Ehrenberg.  The 
body  is  bell-shaf>ed  or  inverted  pear-shaped,  the  oral  margin  being 
produced  into  two  sickle-shaped  spines  turned  outward,  which  are  dis- 
tinct from  the  acute  margins  of  the  shell  itself.  The  body  is  com- 
posed of  two  segments  or  apparent  segments,  the  second  being  small 
and  conical.  The  terminal  joint  of  the  foot  is  slender  and  elongate, 
bearing  a  thorn-like  spine  The  ganglion  is  very  large.  The  ma.\tax 
is  also  large  and  opens  into  a  sack-like  alimentary  canal  not  evidently 
subdivided.  The  shell  in  this  species  is  ornamented  with  granules. 
length  of  lorica,  .15'  mm.,  width,  .11  mm.,  terminal  caudal  joint,  with 
spine,  .08  mm.       Found  in  June,  in  Minnesota. 

A  second  species  is  smaller,  nieasiiring  from  .11  to  .  1 1  mm. ,  foot 
.04  to  .08  mm.,  width,  .11  mm.  The  shell  is  smooth  and  the  curved 
^'Spines  are  absent. 

The  following  species  are  known  : — 

Alonoslyia  lunar  is,  Ehr.,  ,1/.  corunta.  Ehr.,  ,(/  claslerocerca, 
Af.  oei/iAt/ia/ma,  Schm. ,  and  iif.  macrogaalha.  Schm. 

GENUS  DISTVI.A,   Eckstein, 

Shell  ovale  conical,  closed  behind,  excepi  for  ihe  small  opening  ailmilting  the 
fool.  In  front,  the  opening  is  wide  and  guarded  on  either  side  by  projeeljng  an- 
gles. The  foot  is  one-joinled  and  bears  two  etjual,  divarieaied  spines.  The 
shell  may  be  smooth  or  ornamented  with  raised  lines  aucl  serrations.  The  eye  is 
single  and  seated  upon  a  comiderable  ganglion.  Two  species  are  described  by 
Eckstein  from  Europe  {D.  giistmii  and  D.  Iiiihi<iipi)  and  two  additional  ones  occar 
in  America, 

DlSTVLA  MINNESOTENSIS,  sp.  ft. 

This  is  a  large  species,  .25  ram.  long,  with  a  pear-shaped  body  of 
B  segments,  the  first  being  .20  mm.  long  and  of  equal  width.     The 
second  segment  is  ,05  mm.  long  and  has  an  oval  slit  behind  for  the  in- 
sertion of  the  foot  and  permitting  its  free  lateral  motion.       The  claws 
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are  .13  long  and  slender,  the  terminal  third  being  attenuated.  The 
ganglion  is  small  and  bears  a  single  red  eye.  The  trochal  disc  is 
retracted  by  four  powerful  muscular  bands.  The  stomach  is  globular 
and  glandular.  The  short  segment  of  the  foot  is  moved  by  pairs  of 
evident  muscles.       This  species  was  but  once  seen  in  July. 

DlSTVLA  OHIOENSIS,  Sp.  tl. 

The  lorica  is  .  12  mm.  long  and  its  form  is  much  as  in  the  previous 
species.  Width  of  lorica  .084  mm.,  length  of  claws  .028  mm.  The 
sides  of  the  lorica  project  in  front  to  form  a  tooth  on  either  side  of  the 
head.  The  lorica  is  sculptured  into  regular  areas  upon  the  first  seg- 
ment. There  is  a  quadrate  plate  projecting  over  the  base  of  the 
claws.  The  latter  are  attenuated  toward  the  end.  The  details  of  struc- 
ture are  not  known. 

GENUS  SQUAMELLA,   Ehr. 

The  three  genera  Squamella^  Afetopidia ^^nA  LepadUlla  agree  closely  together,  be- 
ing characterized  by  the  presence  of  four,  tivo.  or  no  eyes  respectively.  The  or- 
ganization is  much  as  in  Euchlanis.  The  lorica  consists  of  an  oval,  arching,  scale - 
like  shield  above,  and  a  flattened  plate  below.  The  foot  consists  of  three  short 
joints  terminating  in  two  acute  claws  The  head  terminates  above  in  an  oval  scale- 
like appendage. 

They  only  species  belonging  to  this  group  as  yet  seen  was  hastily 
identified  with  Squainella  braciea  and,  in  absence  of  further  informa- 
tion, we  will  simply  give  measurements  in  addition  to  the  figure,  in 
which,  by  the  way,  but  one  pair  of  eyes  is  rei)resented,  leaving  us  to 
infer  that  the  animal  is  Mctopidia  rather  than  Sjuainclla. 

Length  .08  mm. — .14  mm.  Width  (in  the  latter  case)  .12  mm. 
Found  several  times  in  Minnesota. 

OENUS  STHPHANOFS,   Ehr. 

The  lorica  is  depressed,  an  I  fre([uently  extends  into  spines  posteriorly  Head 
covered  with  a  shield,  which,  when  viewed  from  l)erore  or  behind,  is  in  shape  like 
a  halo  There  are  two  eyes,  occupying;  the  extreme  sides  of  the  head.  The 
foot  is  three  jointed  and  ends  in  two  lanceolate  claws,  between  which  springs  an 
awl-shaped  spine. 

SiKPHANOFS  M uncus,   Klir. 

{Plate  a;  FiiT.  9.) 

A  specimen  of  this  sj^ecies  was  taken  in  July,  I885.  The  lorica 
is  oblong  oval,  seeming  two-jointed  behind.       There  is  a  slight  crest 


Both  segments  extend  dorsally  into  iirominences  which  only 
appear  when  the  animal  is  viewed  from  the  side.  The  head  is  cov- 
ered by  a  thin  semi -circular  shield,  which  is  slightly  arched.  The  dlia 
of  the  disc  are  feeble,  but  the  sensory  tube  is  distinctly  seen.  The 
first  joint  of  the  foot  is  quadrate,  the  two  following  being  of  equal 
length  but  different  diameter.  The  claws  are  ovale  lanceolate  and 
short.  The  accessory  spine  is  awl-shaped  and  shorter  than  the  claws. 
The  length  is  about  .  lo  mm  Eckstein  gives  very  good  and  accurate 
figures  of  this  species,  his  description  of  the  viscera  is  also  valuable. 

The  following  species  of  this  genus  are  known :  -V.  lamelltrh, 
Ehr.  with  three  spines  behind.  5.  cirratus,  Ehr.  with  two  spines 
behind.       S.longispinalui^'VaX.      S.  ava/is,  Schm.       S.  tridentatus,  Kr. 

GENUS  BR.\CHIONUS,  Ehb. 

A  Urge  ijenus  combining  curiously  armed  and  oraamentvil  spedes.  The  body 
is  depressed,  Oval  nr  quadrate  in  oulline,  presenling  a  very  Inrge  anierior  opening 
ilways  ijuarde'l  by  spines  or  tiwth.  Behind,  the  sliell  may  be  rounded  or  armed 
wiih  spines  like  IhiiM  in  front.  There  i«  only  a  small  opening  upon  the  vcnirni 
atpec)  through  which  extend*  the  fool.  The  venirjl  surface  of  the  body  is  gener- 
ally plane  while  the  back  is  arched  and  may  be  »I  olT  into  areas  by  elevaied  lines. 
The  ni&xiai  is  prismatic  and  compliciieij.  The  egg  is  carried  almui  attached  to 
the  trady  of  the  parent,  as  in  Aaiiritii.       The  males  ate  s\id  not  to  he  rare  in  this 


n  September,  contained 
is  characterized  by  the 


Brachhinus  bakeri,  Ehr. 

A  single  gathering  taken  in  Granville,  U., 
a  sjiecies  belonging  in  the  section  of  this  ge 
miiltiartiailate  foot. 

Our  species  is  sub-quadrate  in  oulline  ar.d  more  or  less  expanded 
back  of  the  middle.  The  whole  length,  including  spines,  is  from  .30 
to  .40  mm.  for  adult  females.  The  oral  margin,  above,  is  produced 
into  six  spines.  The  median  pair  are  longest  and  curve  decidedly 
outward  and  may  be  from  .05  to  .08  mm.  long  ;  between  them  is  an 
incision,  through  which  ordinarily  projects  the  sensory  tube  The 
outer  pair  of  spines  are  half  as  long  and  also  curve  outward.  Mid- 
way between  these  pairs  is  a  short  spine  or  100th.  The  ventral  edge 
is  notched  in  the  middle,  but  not  toothed.  The  width  of  the  body 
is  from  .iS  to  .22  mm.  The  posterior  portion  of  the  shell  extends 
into  two  pairs  of  spines,  of  which  the  outermost  are  very  long  (.10- 
.  14  mm, )  and  project  directly  backward  or  slightly  outward  or  are  uni- 
formly  curved.      The  inner  pair  of  spines  immediately  border  the 
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opening  for  the  exit  of  the  foot  and  are  curved  plates.  The  foot, 
which  can  be  almost  wholly  withdrawn  within  the  lorica,  is  composed 
of  a  closely  ringed  basal  portion  terminated  by  a  short  rigid  joint, 
bearing  two  conical  claws  and  blunt  processes.  The  claws  are  perfora- 
ted by  the  ducts  of  large  cement  glands.  The  flexibility  and  extensi> 
bility  of  the  foot  are  truly  wonderful.  The  whole  shell  is  covered 
above  with  fine  granules,  but  is  not  otherwise  marked.  The  eye  is 
large  and  is  seated  on  the  ventral  side  of  a  large  ganglion.  The  max- 
tax  is  very  wide  and  short.  The  manubrium  is  a  curved  plate  and 
the  uncus  consists  of  several  fused  plates  (see  drawing).  I  have  seen 
the  animal  attempt  to  masticate  a  large  diatom  and,  after  failing  to 
crush  it,  reject  it  by  reversing  the  usual  movement  of  the  jaws.  The 
pharynx  is  ciliated  and  funnel-form.  The  oesophagus  is  not  ciliated, 
but  has  ringed  muscles  which,  when  in  motion,  give  the  appearance  of 
a  valvular  arrangement.  The  stomach  and  intestine  are  strongly 
curved  upon  each  other,  the  former  being  glandular  with  fatty  spheres 
in  its  walls,  while  the  latter  is  furnished  with  a  dense  coating  of  cilia. 
The  pulsating  vessel  is  not  large,  but  the  lateral  vessels  with  their  beaker 
cells  are  quite  conspicuous.  This  species,  which  agrees  with  Br, 
Bakeri  closely,  is  common  in  Ohio,  (September). 

Another  species,  known  only  from  a  single  gathering  and  imper- 
fectly studied,  differs  from  all  known  species  in  having  a  single  pair  of 
spines  before  and  behind  and  a  foot  which  at  the  base  j^  multiarticu- 
late,  but  ends  in  the  two  long  segments,  the  last  with  two  quite  long 
claws.  The  shell  is  nearly  smooth.  This  species  may  be  called 
Br.  intermedins^  as  it  partakes  of  the  characters  of  both  sections. 

Brachioni:s  militaris,  Ehr. 

(  Plate  X,  Fio;.  10. ) 

It  is  interesting  to  compare  with  the  above  a  related  species  which 
is  (juite  common  in  the  west  and  whic  h  belongs  to  that  section  of  the 
genus  characterized  by  the  absence  of  the  ringed  basal  arrangement  of 
the  foot.  This  form,  which  may  not  be  i)roi)erly  Hrachionus,  resem- 
bles decidedly  the  above  in  the  form  of  the  body.  The  anterior  mar- 
gin  extends  into  ten  teeth,  of  which  the  superior  median  are  longest 
and  curve  ventrally.  All  the  other  anterior  teeth  are  doubly  curved, 
the  points  extending  outward.  The  posterior  |)art  of  the  body  bears 
two  pairs  of  spines,  the  relative  position  (and  size)  of  which  is  not 
constant.       The  outer  pair  are  always  longer  and  project  outward  and 
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backward-  The  foot  consists  of  three  slender  joints,  the  last  of  which 
l>ears  two  lanceolate  ap|>endages  somewhat  longer  than  the  segment 
preceeding.  The  whole  shell  is  covered  with  minute  points.  The 
trochal  disc  is  broken  u[>  into  five  lobes  and  the  ciiia  are  of  two  sizes. 
The  measurements  of  one  siwciraen  are  given  as  illustrating  the  pro- 
portions. Length  ,io  mm.  exclusive  of  foot,  width  .14  mm.,  termin- 
al stylets  .024,  lateral,  posterior  spines  _oj8  mm.,  anterior  spines  about 
.04  ram..  From  the  side,  the  ventral  surface  (in  outline)  is  seen  to  be 
plane  while  the  dorsal  is  composed  of  two  inclined  planes  {or  is 
"humped.")  The  fool  is  moved  by  two  p,iirs  of  muscles.  The  con- 
cracling  vessel  i.s  unusually  large.  The  maxiax  and  the  position  of  the 
viscera  seem  to  lie  as  in  other  speties  of  Brachionus.  The  animal 
seems  most  to  resemble  /i.  mHitaris,  Ehr.  of  the  Eurojiean  species. 

PliISOMA     LENTICULARE,  i'C//.  (t  ip.    11. 

(See  figures  facing  Index.) 

The  animal  for  which  the  above  generie  name  is  proposed,  was 
several  times  seen  in  a  gathering  taken  at  the  reservoir  near  Hebron, 
Ohio,  in  November.  The  general  form  is  very  similar  to  that  of 
many  minute  bivalved  erustac.ea  {C/iydems).  with  which  it  was  asso- 
ciated. The  lorica  is  composed  of  two  ovate  valves,  which  are  par- 
tially united  below,  so  that  tlic  foot  springs  from  the  middle  of  the 
ventral  margin.  The  animal  is  laterally  compressed.  On  the  dor- 
sal aspect  of  the  lorica  are  several  distinct  ridges  arranged  about  as 
follows:  A  pair  of  short  transverse  markings  occupy  a  point  poste- 
rior to  the  middle  of  the  dorsal  aspect ;  anterior  lo  these,  and  begin- 
ning at  either  end,  spring  diverging  lines  which  lead  lo  notches  of  the 
anterior  margin;  behind,  two  ridges  lie  on  either  side  the  median  line 
and  extend  to  the  acute  posterior  end  of  the  shell.  Several  lines 
border  the  above  described  markings  on  cither  side  and  are  approxi- 
mately parallel  lo  the  axis  of  the  body.  Seen  from  the  side,  the  lor- 
ica is  elliptical  and  is  truncate  in  front  and  acute  behind.  The  dorsal 
line  is  a  uniform  curve,  while  the  ventral  is  prominent  near  the  middle 
at  a  point  some  distance  in  front  of  the  point  of  union  of  the  valves. 
Seen  from  above,  the  front  half  is  quadrate,  while  the  posterior  half  Is 
triangular.  The  lorica  is  lenticular,  considered  as  a  whole,  and  is 
marked  by  minute  hexagonal  or  irregular  depressions. 

The  head  is  armed  with  two  long  sensory  organs  and  has  two  sorts 
of  cilia.       The  outer  series  is  quite  feeble,  but  the  ventral  prominency 
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bears  several  elongated  setae.  The  maxtax  is  oval  and  seems  to  be 
but  slightly  armed.  It  is  furnished,  however,  with  distinct  annular 
bands  of  muscles.  The  eye  is  cervical,  and  is  seated  on  the  under 
side  of  a  considerable  ganglion.  The  foot  is  multiarticulate  at  the 
base,  as  in  Brcuhionus.  Two  distinct  joints  follow  this  portion,  the 
last  being  longer  and  bearing  two  oval,  appressed  spines.  Of  the 
internal  organs  little  was  seen.  The  stomach  is  glandular  and  the 
egg  of  but  moderate  size.       The  vascular  system  was  not  seen. 

Length,  .24  mm.,  height,  .15  mm.,  width,  ,10  mm.  Frontal  pro- 
cesses, .03  mm.,  spines  of  foot,  .025  mm.,  last  joint,  .02  mm. 

GENUS  ANUR.*:A,  Ehr. 

Closely  related  to  Noicus  and  Brachionus  is  a  genus  of  curious  rotifers  in 
which  the  foot  is  entirely  absent  ,so  far,  at  least,  as  can  be  seen.  As  in  Brachio- 
nus, the  anterior  opening  is  protected  by  spines  or  teeth,  while  there  may  or  may 
not  be  simtlar  teeth  behind.  The  lorica  is  usually  distincdy  separable  into  a 
dorsal  and  ventral  shield,  and  the  dorsal  scutum  is  inarked  off  into  geometrical 
figures  by  raised  lines.  There  is  a  single  cervical  eye  The  egg  very  generally 
remains  attached  to  the  body  and  may  be  mistaken  for  a  part  of  it. 

Anur.-ea  sp. 

A  species  differing  from  all  European  forms  is  very  common  in  the 
West.  The  form  is  hexagonal  in  outline,  the  length  being  1.4  times 
the  width  (exclusive  of  spines).  The  anterior  margin  of  the  hexagon 
is  wider  than  the  posterior.  The  dorsal  scutum  is  produced  into  six 
long  spiny  teeth,  of  which  the  middle  pair  are  much  the  longest  and 
are  strongly  curved  outwards  and  downwards.  The  remaining  pairs 
are  sub-equal  and  project  outwards  like  the  horns  of  an  altar.  The 
ventral  part  of  the  anterior  margin  is  excavated  in  the  middle  and 
bears  a  series  of  small  sharp  teeth.  Fhe  whole  shell  is  ornamented 
with  circular  prominences,  and,  in  addition  to  this,  above  there  are 
strongly  raised  lines  blocking  off  the  shell  into  thirteen  regular  areas 
and  leaving  two  other  areas  about  the  front.  The  ( haracter  of  these 
ridges  is  best  seen  from  a  side  view.  I'he  eye  is  cervical  and  the 
trochal   cilia  are  strong  for  the  genus.       I'here  is  also  a  sensory  tube. 

The  following  measurements,  owing  to  an  accident,  may  not  be 
accurate,  but  will  give  the  j)roportions :  Length,  ,1  mm.,  width,  .0:^4 
Dim.;  longest  spine,  .024  mm. 


OF    DENISON    U> 


GENUS  FIERODINA,  Ehr. 


The  lotica  is  I1a((en«d, 
shaped,  entirely  wilhdi 
eili 


il,  or  ovale  in  outline  and  llciitilc.  Head  runncl- 
the  body  when  al  reit,  furnished  with  two  lines  of 
Slomnch  sac-like  wilh  large  cilia.  The  rool  is  venlral  incl  consisis  nf  a 
ringed  basal  parlion  and  a  short  terminal  joint  which  bears  no  claws.  The  intes- 
tine i^sald  lo  be  continued  through  I  he  tail  having  the  anal  opening  at  its  end. 

The  Pterodina  is  a  good  subject  for  use  in  obtaining  a  knowledge 
of  the  rotifers  as  the  viscera  are  <]uhe  distinct,  the  cross  striation  of  the 
muscles  and  the  ciliated  or  beaker-cetls  of  the  lateral  vessels  l)eing 
]iarticularly  distinct. 

I'TERODINA  PAIIN'A,  Ehr. 

{Plate  1.  Fi^.  III.) 
The  fnrm  is  circular  with  a  slight  emarginalion  in  front  for  the 
withdrawal  of  Ihc  head.  The  head  is  funnel-shaped  and  bears  a 
(loiible  disc  having  good  sized  cilia.  When  extended,  the  eyes  are 
seen  to  occupy  a  position  about  one-third  the  width  of  the  disc  frotn  its 
»d«s.  'ITie  pharynx  is  closely  ciliated  and  leads  into  a  comparatively 
large  maxtax  in  which  a  partial  fusion  of  pans  ha-s  taken  place.  'I"he 
stomach  follows  u|}on  a  very  narrow  oesophagus  and  is  a  curved  sac 
composed  of  large  ceils,  each  of  which  is  filled  with  granular  contents 
and  has  fatty  spheres  within  it.  On  either  side  the  stomach  is  a  strong 
muscle  passing  from  the  sides  of  the  head  lo  the  posterior  third  of  the 
body  where  it  is  fastened.  When  the  head  i.s  withdrawn  the  muscles 
are  curved,  but  upon  the  prolusion  of  ihe  head  become  straight.  On 
either  side  the  stomach  is  a  large  glandular  mass  composed  of  numer- 
ous lol>es  made  up  of  fused  cells  with  large  translucent  Hecks  which 
may  be  globules  of  the  secretion.  These  glands  open  back  of  the 
maxtax.  While  the  stomach  is  curved  to  one  side,  the  intestine  lies 
behind  the  tail  and  is  curved  upon  itself,  opening,  as  claimed  by  Eck- 
stein, into  a  canal  excavated  in  the  tail.  It  is  indeed  certain  that  the 
tail  contains'a  rana!  and  is  ciliated  at  the  distal  extremity  but  we  have 
never  l»een  able  to  verify  the  .statement  referred  to.  The  tail  seems 
lo  t>e  more  slender  In  our  specimens  than  figured  by  European  writers, 
though  it  is  exceedingly  contractile.  The  contractile  vessel  seems  to 
be  absent  but  two  very  di.-itinct  lateral  canals  are  lo  be  seen.  The 
breaker  vessels  are  long  and  the  cilia  active.  The  ovary  occupies  one 
side  of  the  Ixxly,  while  the  egg  nearly  fills  the  other  when  mature. 
Large  nuclei  are  discernible  imbeded  in  a  granular  mass  of  yolk.      The 
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margin  of  the  shell  seems  to  be  granulated  and  extends  beyond  the 
body-cavity.  The  tail  often  is  directed  at  right  angles  to  the  body  and 
is  then  overlooked.  The  lorica  is  about .  20  mm.  in  longest  diameter. 
The  tail  measures  over  .07  mm.  The  trochal  disc,  when  expanded, 
is  .05  mm.  wide.  A  small  specimen,  but  fully  adult  was  but.  17  mm. 
long.  Mr.  Stokes  mentions  a  species  of  this  genus  but  does  not  iden- 
tify it.  There  are  two  other  species,  viz.  P.  clliptica  and  P.  clypeata, 
Ehr. ,  which  latter  occurs  as  a  parasite  on  species  of  Assellus,  I  have 
a  confused  recollection  of  having  seen  such  a  rotifer  parasitic  upon 
Gammants.  Pterodina  complanata  of  Gosse  is  almost  certainly  identical 
t  with  Pt.  patina. 

FAMILY  ASPLANCHN^A. 

This  family  includes  abberant  rotifers,  which  lack  the  posterior 
opening  of  the  digestive  organs  and  are  considerably  reduced  in  other 
respects.  The  foot  is  sometimes  almost  entirely  absent,  its  position 
bjing  marked  in  these  cases  by  the  glands  simply.  The  body  is  sac- 
like and  often  consists  of  a  single  segment  in  which  the  various  inter- 
nal organs  ^are  very  readily  seen.  The  head  is  broad  and  sparsely 
ciliated.  The  maxtax  is  enlarged  and  to  it  is  appended  an  extensible 
crop,  while  the  incus  is  not  highly  indurated  and  the  mallei  are  modi- 
fied to  form  a  prehensile  pair  of  nippers  or  pliers.  The  stomach  may 
be  very  extensible  and  a  part  is  very  highly  glandular.  The  water- 
vascular  system  is  highly  developed  and  there  is  generally  an  accessory 
canal  bearing  the  minute  beaker  cells,  while  the  lateral  vessels  them- 
selves are  tortuous  and  elaborate.  Most  of  the  species  are  carnivor- 
ous, while  others  live  upon  algx  and  like  i)lants. 

(;EXUS  ASPLANCHX.-EA,  Gosse. 

The  genus  is  characterized  l)y  the  sac-like  body  and  the  large  size 
and  well  differentiated  organism  as  com  pared  with  Astomorpha.  The 
details  mentioned  under  the  family  apply. 

ASPLANCHNA    MAC^NIFICUS   Sp.    fl. 

{Plate  II,  Flo:  2.) 

This,  the  largest  species  of  the  genus,  is  most  like  A.  Afyrmclco,  but 
is  considerably  larger  and  appears  to  differ  from  it  in  several  other  par- 
ticulars. The  general  form  is  a  j)rolate  spheroid  truncated  anteriorly 
and  slightly  flattened  ventrally.       The  oral  end  is  furnished  with  six 


ciiunps  of  cilia  and  two  sensory  processes.  The  crop  is 
large  and  distensible,  the  forceps  are  smooth  and  toothless  The 
(esophagus  is  long  and  miisciilar.  The  stomach  is  composed  of  very 
large  cells  and  is  held  in  place  by  hands  of  connective  tissue.  There 
are  accessor}'  glands  between  the  stomach  and  crop.  The  ovary  is 
pear-shaped  (not  horseshoe-shaped,  as  in  j4.  Afvrm/im),  and  can  be 
seen  to  be  made  up  of  an  elongated  ribband  of  cells  folded  upon  itself. 
The  pulsadng  vessel  is  exceeding  large  and  powerful,  while  the  lateral 
vessels  are  convoluted  canals  ;  accessory  to  the  latter,  there  are  nearly 
straight  tubes  bearing  about  twenty  beaker-cells.  The  foot  is  two- 
jointed  and  contains  small  glands.  The  muscular  spstem  is  highly 
developed  and  consists  of  strong  bands  jjassing  backward  from  the 
head  and  frequently  branching  Jje fore  they  are  inserted  upon  the  very 
pliable  external  wall.  Two  pedate  cells  lie  upon  the  viscera  and  may 
leitresent  the  visceral  nervous  system.  The  nervous  system  was  oth- 
erwise found  to  consist  of  ganglia  upon  the  oral  aspect,  one  of  which 
bears  a  single  leU  eye,  and  which  send  nerve-fibers  to  all  parts  of  the 
body.  The  animal  feeds  upon  species  of  minute  Crustacea,  especially 
of  the  genus  Chydorus.  The  greatest  length  is  .9  mm  ,  width,  .66 
mm.,  foot.  .15  mm.  ' I Ti is  species  was  figured  in  the  writer's  Final 
Report  on  the  Crustacea  of  Minnesota,  where  also  may  lie  found  the 
figure  of 

ASPLANCHNA   S/>  ? 

rhis  speties,  which  seems  10  resemble  A.  Brightiwlii  oi  Gosse,  is 
purse-shaped,  being  constricted  about  the  head.  The  jaws  are  hi- 
dentate  at  the  end  and  ribbed.  The  foot  is  entirely  absent,  but  its 
position  is  indicated  by  the  orifice  of  small  glands.  The  stomach  of 
the  only  individual  of  this  species  seen  contained  a  number  of  tlie 
Icirica  of  what  may  be  Anurtea  lottghpina,  Kellicott. 


Plate  II. 

Diaacharis pmillum,  Ehr? 
Aifilaiu'iaa  masnificm.  sp.  ••. 
EMchlnnh  ampaliformiF,  sp.  n. 
Salpina  affinis,  sp,  n. 

Plate  iir. 


62  BULLETIN   OF    THE   LABORATORIES 

Eiuhlams  hif^potidrros^  Gosse. 

do        portion  of  lateral  vetscl  with  l>cakrr  cell. 
l-ndetermined. 
AmphiUphu  xigas^  (J.  &  L. 

Plate  /r. 

LTnctetermined 

SifuamfUn  braiUa^  Khr. 

Momcstyht  ifuadridentaia^  Khr,  (?).     The  foot  '\s  ^imewhat  t<Mi  l«»i 

Poiyitrikra  f^aiypirra^  Khr. 
Undetermined. 
Piurf/iit  iHsijptist  sp    n. 

Plate  \\ 

S/^intfUmtttm  trrrs. 
<  >pkntiium  fiiradoxum 
Anurua  »p. 

/hjtyJtt  Mmnfiotemts.  kp.  n. 
Strphtim*/^i  Mu/tiHs,  Khr. 
Fi\'.    lo    HrtuktoNut  mtinttri%^  Khr. 
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Fi^.  2.  Euchlanis  hipposideros^Qo^s/t. 

Fig,  2.1         do         portion  of  lateral  vessel  with  beaker  cell. 

Fig,  3.  Undetermined. 

Fig,  4.  Amphileptus  gigas^  C.  &  L. 

Plate  IV. 

Fig.   I.  Undetermined. 

Fig.  2.  Squamella  bractea^  Ehr. 

^*i'  3»  Afonostyla  quadridentata^  Ehr,  (?).     The  foot  is  somewhat  to- 
the  drawing. 

Fig.  4.  Polyarthra  platypUra^  Ehr. 

Fig,  5.  Undetermined. 

Fig,  6.  Diurella  insigms,  sp.  n. 

Plate  X, 

Fig.  5.  Spirosiomum  teres. 

Fig.  6.  Ophridium  paradoxum . 

Fig,  7.  Anuraa  sp. 

//X'.  8.  Distyla  Mintusotensis^  sp.  n. 

Fig.  9.  Stephatwps  muticus^  Ehr. 

/'(V'.    10  BrathioHus  miiiatris^  Ehr. 
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v-j^ 


-/ 


J^ 


VI. 


THE    CLINTON  GROUP  OF    (tHH). 


s  given  above,  does  not  correctly  indicate  the  sc 
the  papers  here  presented,  but  will  very  well  serve  to  designate  ihe 
field  which  I  have  laid  out  before  me,  and  which  I  expect  to  cover  by 
means  of  a  series  of  arlitles,  of  which  the  present  paper  is  the  first. 
Descriptions  of  all  the  importani  exposures  in  the  state,  sections  of  the 
strata,  analyses  of  rock,  and  paleontologii;al  features  will  be  furnished 
wherever  practical.  \  collection  of  fossils,  which  already  bids  fair 
to  rival  those  at  Waldron,  Indiana,  is  expected  to  furnish  the  basis  of 
a  desCTJplion  of  the  fossils  of  the  group  as  presented  in  this  Slate. 
It  is  also  intended  to  identify  in  an  independent  manner  ihe  true  rela- 
tions of  the  geological  strata  usually  included  by  the  name  Clinton  Group, 
ID  our  State  and  Indiana,  Although  it  may  be  well  to  state  at  the  outset 
that  present  indications  seem  to  favor  a  closer  relationship  to  Niagara 
strata,  and  especially  those  of  the  west,  than  is  generally  conceded  ;  nev- 
ertheless this  conclusion  has  not  been  hastily  drawn,  and  is  not  irrevoca- 
bly held.  I  shall  only  attempt  to  present  the  facts  and  state  their 
[jrobable  bearing,  and  then  allow  the  reader  lo  draw  his  own  conclu- 
sions. In  order  to  determine  more  definitely  the  stratigraphical  re- 
lations of  the  group  with  corresponding  formations  of  the  west,  e-sjie- 
irially  those  of  Indiana,  a  series  of  sections  taken  at  different 
stations,  from  both  Ohio  and  Indiana,  will  be  undertaken  at  an  early 
date.  .\lthough  the  project  in  some  respects  may  seem  rather  exten- 
sive, the  large  amount  of  material  already  collected  gives  promise  of 
its  ultimate  accomplishment- 
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GEOLOGY. 

In  southwestern  Ohio,  immediately  above  the  Cincinnati  Group, 
lie  a  series  of  strata,  formerly  known,  both  scientifically  and  popularly, 
as  the  Cliff  Limestone.  They  are  so  designated,  for  instance,  in  the 
second  annual  report  of  the  Ohio  Geological  Survey,  undertaken  in 
183S,  by  W.  VV.  Mather.  Many  of  the  cliffs  and  cascades  in  this 
part  of  the  State  owe  their  origin  to  the  peculiar  characteristics  of  this 
formation.  Later,  however,  a  division  into  two  groups  was  made, 
and  after  a  more  extended  study  by  Prof  Edward  Orton  the  upper 
section  was  identified  with  the  Niagara  Group,  but  the  lower  was  called 
the  Clinton.  In  the  reports  for  1869  and  1870,  these  distinctions 
were  carefully  made.  At  various  times,  however,  authors  have  seen 
fit  to  express  doubt  of  the  correctness  of  the  name  employed  for  these 
strata,  and  Prof  James  Hall,  especially,  has  had  occasion  to  do  so  in 
the  12th  annual  report  of  the  Indiana  Survey.  For  our  purpose  it 
will  be  well  enough  to  retain  the  name,  Clinton  Group,  at  least  for  the 
present,  but  it  is  expected  that  after  a  presentation  of  all  the  facts, 
others,  perhaps,  will  be  ready  to  adopt  some  other  term. 

The  Clinton  is  not  a  group  of  any  great  depth.  For  its  western 
exposures  in  Ohio,  ten  to  fifteen  feet  would  he  a  fair  estimate.  In  its 
eastern  exposures  in  Highland  and  Adams  counties  "  its  average  thick- 
ness is  somewhat  increased,  l)ut  i)robably  never  exceeds  40  feet,  and 
this  thickness  is  sometimes  attained  in  the  northern  district  as  a  fnaxi- 
mum^  as  for  instance,  at  Yellow  Springs,  in  Cireene  county."  (Italics my 
own).  A  section  of  the  geological  series  of  Highland  County  gives 
a  thickness  of  50  feet  to  the  Clinton  Limestone.  ((jco.  Surv.  Ohio, 
1S70,  page  298  and  section  at  page  310.) 

I'he  Clinton  Limestone  rarely  affords  any  extended  surface  expo- 
sures, but  is  found  like  a  narrow  line  separating  the  Cincinnati  and 
Niagara  (groups  of  the  State,  and  usually  is  seen  in  close  connection 
with  both.  .\  section  of  rock  belonging  to  the  Clinton  age,  there- 
fore, generally  also  includes  both  the  up[)er  and  lower  strata. 

The  rocks  of  the  Cincinnati  (iroup,  in  Ohio,  are  quite  level,  show- 
ing no  marked  local  variations  in  their  dip.  .At  their  junction  with 
the  Clinton  Group,  however,  they  fretiuently  become  un fossil iferous, 
and  the  rock  is  replaced  by  less  solid  shales  and  bluish  clays.  The 
surface  of  the  group  also  becomes  very  undulating  in  character,  fre- 
tjuently  attaining  a  dip  of  four  feet  in  forty.  As  a  consequence  the 
superposed   rocks   of   the   Clinton  Grouj)  arc  also  very  undulating. 


evide 


[lain,  however,  an  average  thickness,  indicating  that,  what- 
ever were  the  causes  which  had  disturbed  the  bed  of  the  Lower  Silu- 
rian sea,  these  had  disappeared  by  the  lime  the  strata  of  the  Clinton 
Group  were  deposited. 

In  other  words,  at  the  dose  of  the  Lower  Silurian  age,  the  ocean 
became  shallow;  large  valleys  and  gullies  were  washed  out  from  the 
beds  of  the  Cincinnati  Group.  The  silt  was  deposited  as  a  blue  clay, 
which  terminates  the  strata  referred  to  this  age.  On  this  uneven  and 
very  undulating  bed,  the  rocks  of  the  Clinton  Group  were  deposited. 
At  this  time  a  portion  of  the  Lower  Silurian  rocks  must  have 
been  exposed,  as  the  researches  of  the  last  geological  survey  revealed 
■vident  shore  markings  in  several  places,  containing  the  pebble-washed 
of  the  Lower  Silurian  strata. 

In  fact,  the  very  fragmentary  condition  of  most  of  the  fossils  found 
lis  group  indicates  the  action  of  shore  waves  upon  the  accumulated 
leposits  of  this  sea.  The  slight  variation  in  the  thickness  of  the 
group  may  readily  be  explained  by  the  conditions  brought  about  by 
its  uneven  bed.  The  washings  of  an  otherwise  shallow  sea  would 
naturally  be  very  unequally  deposited  near  the  shore  Hne.  At  a  dis- 
tance from  the  land  the  fine  silt  would  be  almost  etjually  deposited, 
but  near  the  shore  the  washings  would  accumulate  most  in  the  depres- 
sions of  the  ocean  bed.  And,  although  the  inequality  of  deposition 
would  of  course  not  be  very  great  over  any  large  extent  of  territory, 
nevertheless  it  is  sufficient  to  account  for  the  variation  observed.  At 
Soldiers'  Home,  where  there  is  a  dip  of  seven  feet  in  one  hundred, 
the  rock  increases  one  foot  in  thickness.  This  is  the  most  marked 
instance  which  has  fallen  under  my  observation. 

The  Clinton  Group  consists  of  a  crystalline,  crinoidal  limestone  of 
variable  color,  sustaining  a  high  polish,  extremely  fossiliferous  in  places, 
differing  in  this  particular  from  the  Niagara  strata  immediately  overly- 
ing it. 

Between  it  and  the  Niagara  Group  is  a  fine  clayey  or  marly 
bed,  about  nine  Inches  thick,  which  in  some  places  becomes  quite  hard, 
and  in  others  is  replaced  by  a  soft  blue  clay.  In  connection  with  the 
Dayton  limestone  it  usually  attains  the  hardness  of  stone  and  is  char- 
acicriijed  by  a  number  of  minute  species,  which,  considering  the 
small  attention  hitherto  paid  to  this  course  of  stone,  is  unusually  great. 
For  die  present  it  will  be  called  the  Bcavertowa  mail,  on  ac<;Qtmt  of 
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its  prominent  development  near  that  village,  and  will  be  considered  as 
a  part  of  the  Clinton  Group. 

The  first,  and  by  far  the  most  important  series  of  exposures  to  be 
mentioned,  are  those  included  in  the  Soldiers'  Home  district. 
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land,  ;ire  situated  two  and  a  half  niili-s  ncsi  of  Daytnn,  on  a  series  of 
hills  overlookinj;  the  city.  .Vt  dieir  foot,  e.\i")siires  of  the  Ix>wer  Si- 
lurian strata  are  frei|iicnt.  Iiiit  at  their  top.  roi  ks  of  ibe  U])])er  Silurian 
age  take  their  rise,  and  have  a  sie.uly  dip  towanls  the  west,  bringing 
Up,  one  after  the  other,  the   forni.itiwis  of  a  highur  age. 


About  half  .1  mile  from  the  Home,  .it  the  side  nf  the  GurnuiUowii 
Pike,  a  well,  driven  for  water,  gave  rise  to  a  flow  of  gas,  lasting  some 
months.  Owing  to  neglect  or  other  causes,  ihe  supply  has  now  ceased, 
evertheless,  the  existence  of  inflammable  gas   in  the  Ixtwer  Silurian 

rocks  is  of  some  interest. 
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ihorl  distance  westward,  the  pike  runs  upon  a  bed  of  rock  be- 
longing to  the  Clinton  Group.  North  of  the  road  a  quarry  has  been 
opened,  which  displays  both  the  Niagara  and  Cincinnati  Groups,  nev- 
ertheless a  satisfactory  section  of  the  Clinton  Group  has  as  yet  not  been 
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All  measurements  of  the  elevation  of  rocks  in  the  various  sections 
are  reckoned  from  the  sidewalk  at  the  Court  House  in  Dayton. 
These  measurements  are  due  to  the  kindness  of  Mr.  A.  Kiehl,  who 
aided  me  materially  in  this  part  of  the  work.  The  top  of  the  Cincin- 
nati Group  is  at  193.51  at  the  first  station.  In  a  section  made  near 
by  the  Cincinnati  layer  was  not  exposed  but  the  lowest  point  in  the 
Clinton  was  at  196.74;  the  top  of  th'e  Clinton,  206.31;  the  top  of  the 
Niagara  exposed,  208.68.  The  thickness  of  the  Niagara  was  therefore 
2  ft.  4.5  in.;  and  that  of  the  Clinton,  considering  that  the  dip  from  the 
first  named  station,  east  of  the  section,  was  slight,  but  westward,  a 
thickness  of  twelve  feet  would  be  more  than  conjectural.  The  rock 
is  crystalline,  consists  of  uneven  **lenticular"  layers,  unequally  fos- 
siliferous,  the  fossils  being  found  in  **pockets"  or  special  accumulations, 
irregularly  disposed  throughout  the  group.  Numerous  fine  heads  of 
Dalmanites  Werthneri  are  quite  abundant  here,  and  for  many  things  it 
ranks  with  the  Soldiers'  Home  quarry  itself  in  productiveness. 

The  Clinton  ends  in  a  top  of  blue  clay  containing  large  crinoid 
beads,  free  specimens  of  Chaetctcs^  Rhinopora^  &c.  It  is  about  five 
or  six  inches  thick.  Only  the  blue  clay  referred  to  the  Cincinnati 
Group  is  exposed.  The  Niagara  Group  consists  of  a  yellow  lime- 
stone, unfossiliferous  as  far  as  known,  lying  in  uneven  broken  courses 
from  two  to  five  inches  thick.  It  has  no  commercial  value,  but  the 
Clinton  stone  is  much  used  for  academizing  roads  and  streets,  and  is 
profitable  on  a  small  scale,  as  a  gain  of  $492  with  an  expenditure  of 
$426  in  one  instance  will  show.  During  this  year,  1885,  up  to 
August  an  exi)enditure  of  $356  realized  a  gain  of  $547,  which  is  quite 
profitable  considering  the  small  amount  of  time  put  upon  the  quarry. 
The  inferior  quality  of  the  Niagara  limestone  at  this  quarry  is  to  be 
especially  mentioned  as  it  is  the  exact  eciuivalent  of  the  Dayton  lime- 
stone and  the  succeeding  quarries  farther  west  gradually  assume  the 
characteristics  of  the  Dayton  stone,  thus  forming  a  complete  and  in- 
structive series  for  comparison. 

SwafizbaugJi  s  Quarry.     {Section  I.) 

On  the  same  pike  within  a  few  hundred  feet  from  the  south-east 
corner  of  the  Home  grounds  is  a  second  quarry.  It  is  placed  behind 
a  farm-house,  dipping  northward  into  the  hill  near  the  barn.  The 
top  of  the  Cincinnati  Group  is  here  represented  by  a  bed  of  blue  clay. 
In  the  sections  made,   however,  this  bed  was  not  reached.       The  bot- 
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torn  of  the  Qinton  Group  as  far  as  workud  was  at  198,21  ft.;  the  top, 
at  208.04  ft-;  '"'I  a  conjectural  thickness  of  twelve  feet  would  tiot  be 
far  from  correct.  The  stone  presents  the  usual  charae (eristics,  liui 
seems  to  be  less  fossiliferous  than  some  of  the  neighboring  quarries. 
Ii  IS  peculiar  in  shbwing  fissures,  extending  east  and  west,  distant  from 
each  other  about  9  feet,  foundatno  other  station  in  the  Clinton  Group. 
In  the  southern  part  of  the  quarry  there  is  a  sudden  dip  to  the  south 
and  the  stone  is  .broken,  as  though  the  blue  clay  layer  beneath  had 
given  way  and  permitted  the  stone  to  sink.  The  fissures  in  the  rock 
are  perhaps  also  exjilalned  in  this  manner. 

The  Niagara  exposure  is  a  little  more  than  15  feet  in  height.  The 
base  of  the  series  is  composed  of  broken,  irregular,  yellow  layers  i>( 
stone  from  two  to  five  inches  thick,  making  a  total  of  r. 9  feet.  Above 
is  a  9  inch  course  of  blue  flagging  stone,  which  was  at  one  time 
quarried  and  sold  in  slabs  for  pavements.  It  resembles  a  fair  quality 
of  Dayton  limestone  of  which  it  is  the  stratigraphical  equivalent. 
Formerly  when  the  Clinton  stone  was  not  exposed  and  the  Cincinnati 
Group  was  in  plain  sight  along  the  hill  below,  and  the  great  dip  of  the 
rock  had  not  yet  been  determined,  the  identity  of  this  stone  remained 
for  a  long  time  a  puzzle.  .^bove  the  blue  flagging  is  a  series  of  shales 
3  ft.  thick,  varying  in  character,  sometimes  represented  by  broken 
courses  of  yellow  limestone  3.5  ft-  thick,  comjjosed  of  a  nine  inch  layer 
above  and  below,  with  the  intermediate  layers  more  or  less  shaly  in 
character.  Sometimes  the  remainder  also  becomes  somewhat  shaly. 
Las!  it]  the  series  is  a  7  ft  layer  of  yellow  Niagara  stone,  formed  of 
very  broken,  thin  courses,  from  half  an  inch  to  two  inches  in  thickness, 
bequendy  becoming  shaly.  The  top  of  the  blue  flag  layer  in  the 
Murfiem  part  of  the  quarry  is  at  210.70;  seventy-five  feet  north,  at 
104,10;  fifty  feet  west,  at  203.89.  This  would  giveadip  of  4  ft.  5 
in.  in  fifty  feet  towards  the  north,  and  only  2.5  in.  in  the  same  distance, 
towards  the  west ;  the  last  dip  is  reliable,  owing  to  the  very  even  slratifi- 
cation  of  the  blue  flagging.  At  the  same  point  the  bottom  of  the 
bury  Niagara  stone  is  reached  at  206.92;  the  top  at  209.49. 
Fanher  west  the  top  is  again  reached  at  207.87,  and  the  summit  of  the 
thin  shaly  courses  at  2:4.85.  .blithe  Niagara  stone  here  exposed  is 
unfossiliferous  as  far  as  known.  In  some  parts  of  the  quarry  the 
Niagara  stone  is  all  tumbled  together,  destroying  its  original  stratifica- 
tion. I  presume  that  the  action  of  ice  during  the  glacial  epoch  could 
readily  account  for  this,  since  all  the  quarries  round  about,  where  the 
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Stone  is  hard  enough,  show  evidence  of  this  glacial  action  in  the  form 
of  grooves,  scratches  and  the  planed  surfaces  of  the  stone. 

Carrollton    Pike  Quarry.     {Section  IV) 

Along  the  Carrollton  pike  about  half  a  mile  from  the  Home  Grounds, 
on  the  east  side  of  the  road,  a  quarry  was  opened,  which  developed  a 
layer  of  Niagara  flagging  stone  5  or  6  inches  thick.  It  was  smoothed 
above  by  glacial  action,  was  found  within  two  feet  of  the  surface,  and 
hence  was  readily  worked,  and  sold  to  advantage  as  a  fair  quality  of 
Dayton  limestone.  In  several  places  in  Dayton  it  was  used  without 
extra  preparation  for  side  walk  purposes.  Beneath  is  a  layer  of  thin- 
ner stone  and  then  limestone  of  the  Clinton  Group,  of  little  or  no  com- 
mercial value,  and  therefore,  not  (juarried.  Here  specimens  of 
Orthis  fausta  were  found.  This  species  has  also  been  found  at  Swartz- 
baugh's  quarry,  in  the  same  position,  namely  at  the  very  summit  of  the 
Clinton  Group. 

FaUoh  Pike  Quarry. 

North-west  of  the  Soldiers'  Home  grounds,  on  the  north  side  of  the 
Eaton  pike  the  Clinton  rock  is  ijuarricd.  Neither  the  top  nor  the  bot- 
tom of  the  scries  is  exposed  but  the  two  levels  taken  register  211.92  ft. 
and  205.50,  which  give  a  thickness  of  6  ft.  5  in.,  but  the  real  height  of 
the  strata  is  no  d()u])t  mu(  h  greater.  Numerous  bryozoans  are  found 
here. 

The  Grotto. 

East  of  the  Soldiers'  Home  along  the  railroad,  a  cut  through  rock  of 
the  Cincinnati  Group  (lisi)lays  the  ( hararteristic  fossils  of  this  group. 
South  of  the  terminus  of  the  railroad  in  the  grounds  are  the  socalled 
grottoes.  These  were  formerly  the  site  of  an  old  quarry,  and  belong 
to  rocks  of  the  Clinton  (rroup.  Owing  to  the  underlying  bed  of  blue 
(lay  the  Clinton  (iroup  is  usually  a  great  water  hearer.  \\.  Soldiers* 
Home  one  of  the  grotto  springs  is  ik^d  in  this  way,  and  two  springs  of 
the  same  nature  in  the  cpiarry  south  of  the  grotto  give  forth  a  steady  flow 
of  water  all  year.         The  grotto  is  now  used  for  floral  effects  only. 

Soldiers'  Home  Quarries .      (See t ion  II.) 

The  Soldiers'  Home  (juarry  is  the  Hnest  exposure  of  the  Clinton 
Group  in  the  State.  Being  constantly  in  o[)eration,  it  has  proved  the 
most  i)roductive  place  for  fossil  remains.        Both  the  Niagara  and  Cin- 
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tinnati  groups  are  shown  in  the  same  section,  and  the  thickness  of  the 
Clinton  Group  as  here  obtained  is  strictly  accurate. 
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.\  section  of  the  eastern  half  of  the  i|uarry,  beginning  at  A  near 
Mas,sachuseils  Avenue,  and  e.xiending  to  the  eastern  limit,  is.  repre- 
sented by  the  table  and  section  just  given.  The  distances  are 
reckoned  to  the  next  succeeding  station  on  the  line  ;  the  height  is  cal- 
culated from  the  level  of  the  sidewalk  at  the  Dayton  t.'ourt  House:  the 
first  list  of  dips  con.sists  merely  of  differences  of  elevation  between 
consecutive  stations ;  in  the  second  these  are  reduced  to  the  standard 
of  too  feet.       The  dip  unless  marked  by  an  *  is  toward  the  east. 

The  difference  in  direction  between  the  base  and  the  top  of  the 
Clinton  Group  is  nuite  evident,  and  is  owing  to  the  effects  of  glacial 
action  which  has  planed  off  the  stone  without  regard  to  its  dip,  or  ele- 
vation, as  shown  for  instance  at  station  C.  This  is  still  more  evident 
if  the  dip  near  the  western  end  of  the  section  be  considered,  where  the 
base  of  the  Clinton  is  4  ft.  below  the  same  40  feet  north.  The  entire 
eastern  half  of  the  quarry  shows  glacial  scratching,  planing,  and 
grooving. 
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It  is  frequently  supposed  that  the  Clinton  contains  no  regular  seams, 
separating  the  strata.       Whereas  this  is  true  in  a  general  sense,  as 
compared  for  instance  with  Cincinnati  or  Niagara  formations,    never- 
theless quite  regular  seams  are  occasionally  found  also  in  the  Clinton 
group,   especially  in  the  section  now  under  consideration.       A  long 
seam,  followed  with  comparative  ease  for  175  ft.  showed  a  dip  of  3.29 
ft.  in  this  distance.       A  comparison  of  this  line  with  the  base  of  the 
group  shows  that  the  strata  thicken  in  the  depressions  of  the  underly- 
ing bed.       This  is  also  shown  in  the  western  half  of  the  quarry,  where 
the  group  is  14.4  ft.  thick  at  the  spring,  and  15.6  ft.  at  a  point  150  ft. 
north-west  of  the  same,   showing  an  increase  of  i  ft.  2.5  in.       The 
elevations  at  the  spring  are  :  top  of  Cincinnati  group  192.63  ;  of  Clin- 
ton group,  207.01.       Along  the  western  end  of  the  quarry  the  eleva- 
tions of  the  Clinton:  are  202.73  ^^  ^^^  ^-  ^-  corner,   200.07  at  the 
middle,   202.15  at  the  N.    W.  corner,   20236  at  a  point  east  of  the 
latter.       Here  the  top  of  the  Niagara  reached  204.26  showing  a  thick- 
ness   of    1.9  ft.;    it   is   a   yellow,   somewhat   shaly  stone,   becoming 
frequently  quite   hard.       Taking  the  Niagara  stone  as  shown  at  the 
Soldiers'  Home,  Carrollton  pike,  and  other  quarries  farther  west,  a 
good  idea  of  the  variability  of  the  base  of  this  group  can  be  formed. 
In  the  western  part  of  the  (juarry  the  base  of  the  Clinton  Group  con- 
sists of  a  greyish  or  almost  white  stone,  composed  of  finely  comminuted 
organic    remains,  of  which  the   structure    has   become    more    or   less 
obscure.        Here  many  bryozoans  have  been  found  in  a  fine  condition. 
Clathrapora    CUntoncnsis  and    Rctcpora  angulata  in  fronds  2  feet  and  i 
foot  in  diameter  respectively   have  been  seen   here.       Other  fossils, 
however,  are  rather  scanty  in  this  stone.        Most  of  the  group,  how- 
ever, is  composed  of  a  bluish  solid  limestone,  becoming  pinkish  or  red 
by  oxidation,   and  abounding  in  fossil   forms.       The   summit  of  the 
group   in  the    north-western  part  of   the  ([uarry  is  especially    prolific 
in  various  si)ecies  of  Ortliis.       The  summit  of  the  Cincinnati  Group  is 
composed  of  blue,  clayey  shales,  several  feet  thick,  and  very  undulating. 
The  notable  fact  is  that  these  undulations  are  mostly  local,  the  strata 
taken  as  a  whole,  maintaining  a  comparatively  even  inclination,  as  will 
be  seen  by  a  reference  to  the  map. 

In  the  rocks  of  the  Clinton  Group,  at  Soldiers'  Home,  so  many 
species  are  found,  and  so  mucli  work  has  been  done,  that  it  would  be 
difficult  to  mention  the  prominent  features.  bryozoans,  found  here 
in  numbers,  are  said  to  be  still  more  coma;gii  ;it  the  K;iton  pike  c^uarry. 
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PiatyQSloma  Niagarense  is  not  iinfrequeni.  Glabflla;  and  pygidia  oi 
twu  species  of  lUcenus,  are  abundant,  as  arc  also  various  shells,  corals, 
Jtc.  The  fossils  are  not  equally  distributed.  Thin  courses  of  rock 
are  not  apt  to  be  very  productive.  In  ihe  thicker  interspersed  layers, 
however,  which  show  external  signs  of  fossils,  considerable  numbers 
are  frequendy  developed  by  breaking  the  stone.  Throughout  the 
Clinton  Group  the  fracture  is  irregular,  and  it  is  very  difficult  to  ob- 
tain entire  specimens.  It  is  rarer  still  to  obtain  specimens  completely, 
loosened  from  the  rock,  as  one  or  the  other  face  is  apt  to  be  insepara- 
conneclcd  with  it. 


DAYTON  LIMESTONE  QUARRIES. 
'South  of  Dayton  a  continuous  series  of  quarries  extends  from 
Beavertown  to  a  point  about  a  mile  and  a  half  northeast  of  the  Insane 
Asylum.  Some  of  these  have  been  abandoned,  but  in  those  now  in 
operation  the  Dayton  and  overlying  strata  of  the  Niagara  are  shown 
in  section,  and  small  exposures  of  the  Clinton  are  not  infrequent. 
.\s  a  means  of  comparison  with  the  district  just  described,  a  section  of 
one  of  these  quarries  is  given. 

Huffman's  Quarry,  (Section  V.) 
About  three  quarters  of  a  mile  towards  the  southeast  of  the  Asylum 
for  the  Insane,  is  a  quarry,  belonging  to  Mr.  W,  P.  HuITman,  of  Day- 
ion.  A  single  section  of  the  Clinton  Group  is  said  to  have  been  ob- 
uined  here,  while  constructing  a  drain.  The  strata  were  13  feet 
thick  ;  the  color  is  light  pink,  and  its  fossils  are  rather  few.  The  Ni- 
agara Group  consists  of  the  Dayton  limestone,  and  a  few  layers  of 
■'blue  cap."  The  Dayton  limestone  consists  of  a  10  in.  course  of 
stone,  surmounted  by  a  26  in.  and  a  7  in,  course.  The  20  in.  course 
separates  into  a  la  in.  layer,  succeeded  by  two  4  in.  layers.  The  z6 
in.  course,  even  more  readily,  is  divided  into  a  10  in.  and  a  6  in.  layer. 
The  20  in.  layer  is  naturally  the  most  profitable,  and  is  quarried  in 
large  slabs.  The  blue  cap  begins  with  a  10  in.  course  of  poor  quality, 
followed  by  an  8  in.  course,  still  more  inferior  and  often  broken. 
Above  this,  iS  in.  or  more  of  thin  slabs,  usually  in  small  pieces,  may 
be  found.  The  color  of  this  blue  cap  is  denoted  by  its  name ;  its 
commercial  value  is  destroyed  by  its  poor  weathering  qualities  and  the 
irregular  and  broken  condition  of  the  stone.  The  quarry,  therefore, 
liiesents  four  and  2  half  feet  of  good  Dayton  limestone.       The  NJ- 
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agara  cap  is  here  unfossiliferous  as  far  as  known.  The  Dayton  lime- 
stone contains  corals  and  orthocerites.  Between  the  Clinton  strata 
and  the  Dayton  limestone  is  a  bed  of  blue  marl,  9  in.  thick,  which  is 
referred  to  the  Clinton  Group.  It  contains  large  crinoid  beads, 
Orthis  biforata^  var.  lynx^  and  various  minute  forms  not  known  else- 
where in  the  series.  The  Clinton  Group  proper  has  furnished  a  py- 
gydium  referred,  doubtfully  perhaps,  to  Illcenus  Madisonianus.  The 
marl  is  in  this  paper  called  Beavertown  marl. 

CENTREVILLE  QUARRIES. 

Centreville,  eight  miles  south  of  Dayton,  is  situated  on  an  outlier 
of  stone,  composed  of  rocks  belonging  to  the  Clinton  and  Niagara 
groups.  In  some  places  that  division  of  the  Niagara  Group  known 
as  the  Dayton  limestone  or  **  marble  "  approaches  within  a  few  feet  of 
the  surface  of  the  ground,  and  hence  gives  rare  opportunities  for  good 
and  readily  worked  quarries. 

Allen's  Quarry, 

Several  years  ago,  shortly  after  the  construction  of  the  Cincinnati 
Northern  railroad,  a  quarry  was  opened  on  the  farm  of  John  E.  Allen, 
about  a  half  a  mile  east  of  Centreville.  This  quarry  is  probably  the 
most  easily  worked  and  most  accessible  (for  purposes  of  transportation) 
in  the  county.  The  Clinton  rock  is  here  of  a  pinkish  or  often  dirty 
white  color.  It  is  exposed  only  by  the  removal  of  the  overlying  Ni- 
agara stone,  or  by  the  cutting  of  ditches.  Yet  many  and  often  rare 
fossils  have  been  found  here.  Orthis  Daytoncnsis,  with  both  valves 
preserved,  has  been  discovered.  A  thin  seam  of  bluish  clay,  be- 
tween the  Clinton  and  Niagara  stone,  furnished  the  large  Calymcne^  to 
be  described  later.  This  clayey  layer  has  not  yet  shown  any  of  the 
curious  little  fossils  found  in  the  marl  at  Huffman's  Quarry,  although 
apparently  its  stratigraphical  ecjuivalent. 

Beginning  with  the  base  of  the  Niagara  exposure,  the  courses  of 
Dayton  stone  run  as  follows:  a  16,  iS^j,  6,  3I21  '^Y\^  4,  4^4*  2/^»  4/i 
and  a  i]/^\x\.  course.  Comparing  these  courses  with  those  at  Huff- 
man's Quarry,  it  will  be  noticed  that  the  16  in.  course  corresponds  to 
the  20  in.  course  of  that  quarry,  and  like  it  is  divided  into  smaller 
layers  :  in  this  case  into  a  4  in.  layer  below  and  a  i  y^  in.  layer  above,  the 
intermediate  divisions,  if  any,  not  having  been  noted.  The  18^4  in. 
and  6  in.  layers  also  correspond  very  nicely  to  the  e<iuivalent  divisions 


.  layer  in  the  other  quarry ;  and  the  3}4  in-  and  3)^  in. 
layers  might  be  combined  so  as  to  correspond  to  the  7  in.  layer. 
Above  this  [toint  comparisons  would  perhaps  prove  treacherous. 
Above  the  Dayton  stone  proper  are  found  shaly  layers.  50  in.  and  9  in. 
thick,  which  do  not  sufficiently  approach  the  crystalline  character  of 
the  Dayton  stone  to  be  classed  with  it. 

kMISCELL.A.NEOUS  QUARRIES. 
In  addition  to  the  quarries  just  mentioned,  one  or  two  others  are 
thy  of  at  least  a  slight  reference  in  this  paper. 
Fauver's  Quarry. 
Al>out  two  miles  north  of  Dayton,  some  distance  west  of  the  Cov- 
ington pike,  is  a  quarry  which  displays  both  the  Clinton  and  Niagara 
groups.       The  quarry  presents  some  peculiar  features  which  will  be 
made  a  special  object  of  investigation  for  the  next  [laper.       The  Clin- 
ton ends  above  in  a  layer  of  blue  clay,  succeeded  by  a  number  of 
courses  of  Dayton  limestone,  none  of  which  attain  any  great  thickness. 
The  blue  clay  layer,  l>esides  the  usual  fossils  of  the  Clinton  Group, 
has  also   furnished  a  specimen  of  Eichwalditt  reticulata,  Mr.    E.    M. 
Thresher  being  the  collector. 

ta^^l  Fair  Haven   Quarry. 

^^HK   In  Preble  county,  half  a  mile  north  of  the  village  of  Fair  Haven, 
V^^B  a  stream  entering  Four  Mile  Creek,  a  quarry  has  been  opened,  giv- 
'         ing  an  exposure  of  the  Clinton.       Here  there  have  been  found  numer- 
ous corals  so  far  not  known  elsewhere  in  this  State,  and  also  the  usual 
Clinton   forms.       Among  others,  a  form  of  Clatkropora  Ctinionetms, 
with  unusually  large  oval  openings  {passing  entirely  through  the  bryo- 
zoum  and  thus  forming  the  branches  of  the  reticulations, )  deserves  spe- 
cial mention.       A  species  of  Ptychophyllum,  in  a  fine  stale  of  preser- 
vation, occurs  here;  a  similar,  if  not  identical  form,   being  found  at 
I  Allen's  Quarry.       The  exposure  does  not  give  a  complete  section, 

I  but  over  four  feet  of  the  Clinton  Group  are  exposed. 

.\lx>ut  two  miles  north,  along  Four  Mile  Creek,  another  quarry  has 
exposed  the  higher  strata  of  the  Niagara  group.  Its  peculiar  feature 
is  a  seam  of  cherty  Umestone,  about  nine  inches  thick,  containing 
Atrypa  reticularis  in  well  preserved  specimens.  No  other  fossils  have 
o  far  been  noticed. 
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PALEONTOLOGY. 

The  Clinton  Limestone  of  Ohio  is  very  fossiliferous.  The  fossils, 
however,  are  often  difficult  to  obtain  on  account  of  the  hardness  of 
the  rock  and  its  irregular  fracture,  when  submitted  to  the  blows  of  a 
geologist's  hammer.  For  the  same  reasons  the  identification  of  gas- 
teropods  becomes  extremely  difficult,  since  their  apertures  are  scarcely 
ever  seen.  In  one  form  alone  are  they  of  common  occurence,  Cy- 
cloruma  bilix  ;  this  fossil  is  of  rather  frequent  occurrence  in  the  upper, 
shaly  part  of  the  group,  from  which  it  sometimes  weathers  with  the 
neatness  of  Lower  Silurian  fossils  in  this  State.  Some  forms  of  bra- 
chiopods  preserve  their  outlines  very  indistinctly.  This  is  true  of 
Orthis  flabella  and  the  small  form  I  have  ventured  to  call  O.  elegantula^ 
var,  parva.  Others  are  found  only  as  single  valves  firmly  held  by 
the  rock  so  that  only  one  face,  the  external  or  internal,  is  presented. 
On  this  account  it  is  difficult  to  associate  dorsal  with  ventral  valves, 
internal  with  external  features.  A  few  forms,  however,  occurring  in 
the  higher,  more  shaly  strata,  are  frequently  found  well  preserved,  with 
both  valves  connected.  Such  are  Orthis  hybrida^  O,  ekgantula,  and 
Rhynchonella  scobina.  O,  biforata  f.  Clintonensis  and  Triplesia  Ortoni 
most  frequently  are  found  as  fragments  embracing  that  portion  of  the 
valves  surrounding  the  beaks ;  these  fragments  show  both  the  external 
and  internal  features.  They  are  also,  although  not  as  frequently, 
found  as  entire  shells,  with  both  valves  united.  Eichwaldia  retic- 
ulata^ Orthis  fausta,  and  Mcristdla  umbofiata,  the  last  from  the 
middle  of  the  formation,  have  all  been  found  as  entire  shells.  The 
trilobites  are  usually  found  as  fragments,  the  heads  and  tails  being 
disconnected.  In  lUicnus  the  movable  cheeks  and  glabelL'e  are  thus 
found  separated.  In  only  one  specimen  of  Dalmanitcs  Werthneri 
the  intermediate  articulations  of  the  thorax  were  discovered.  The 
association  of  glabelhu  and  pygidia,  therefore,  is  somewhat  difficult. 
Still  with  all  these  failings,  the  fossilized  forms  of  the  Clinton  Oroup 
deserve  careful  study,  and  to  the  careful  and  painstaking  collector  they 
will  form  one  of  the  most  productive  fields  of  labor  in  the  State. 

The  fossils  of  the  Clinton  Group  differ  from  the  remains  of  the  su- 
perposed Niagara  formations  of  the  State  in  this  important  particular, 
that,  whereas  the  latter  are  most  frequently  found  in  the  form  of  casts, 
the  former  almost  always  present  the  external  features.  Hence  they  are 
more  readily  determined  and  their  structure  can  usually  be  easily  studied 
by  means  of  microscopic  sections.       In  the  following  pages  a  full  ac- 
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coant  will  be  given  of  the  Bmchiopoda  and  Lame/Hbraneliiala  of  the 
group,  as  far  as  siudied.  To  this  are  appended  partial  accounts  of 
the  GasUroft/da  and  Trihbila  of  the  same.  The  next  paper  will  con- 
tra a  continuation  of  the  account  of  the  latter  groups,  with  a  study  of 
the  bryozoans  and  corals  of  the  group.  The  latter  present  a  few 
features  of  special  importance  in  the  identification  of  the  straligraphi- 
cal  relations  of  this  group. 

Great  pains  have  heen  taken  in  the  identification  of  specific  forms, 
and  new  species  have  been  formed  only  with  reluctance,  and  when  there 
seemed  to  be  an  absolute  necessity  for  such  a  course.  Nevertheless 
quite  a  large  number  managed  to  creep  in.  Of  these  the  most  inter- 
esting are  the  series  of  forms  which  have  so  far  seemed  characteristic 
of  that  portion  of  the  Clinton  Group,  here  called  the  Beavertown  marl. 
They  are  to  be  specially  noticed  for  their  small  size,  being  accompan- 
ied with  only  a  few  larger  species. 

If  the  writer  has  anywhere  been  deceived  in  his  judgment,  he 
would  be  glad  to  receive  such  information  as  would  be  useful  in  cor- 
recting the  same,  since  upon  the  correctness  of  the  identification  of 
the  fossil  forms  must  depend  the  correctness  of  all  discussions  as  to 
the  stratigraphical  relations  of  the  Clinton  Group  of  Ohio. 

In  the  description  of  fossil  forms  the  nomenclature  used  by  Hall 
and  Meek  has  been  adopted,  and  where  sjiecics  are  identified  with,  or 
described  as  closely  related  to  forms  already  published  by  these  or 
other  authors,  the  desc-ription  of  Ohio  forms  has  been  as  far  as  possi- 
ble adapted  to  the  original  description.  However,  no  statement  has 
been  repealed  which  is  not  fully  vouched  for  by  specimens  on  hand, 
and  conformity  means  only  an  acknowledgement  of  the  excellence  of 
ihe  descriptions  taken  as  a  model. 

Most  of  the  species  described  in  this  paper  may  be  found  in  the 
writer's  private  collection.  Valuable  assistance,  however,  has  been 
afforded  by  numerous  friends,  both  in  the  loan  of  specimens  and  books, 
as  well  as  in  such  general  information  as  has  proved  valuable  from  time 
lo  time.  Among  others,  the  writer  feels  specially  indebted  to  Mr.  E. 
M.  Thresher  and  Mr.  Geo.  Caswell,  of  Dayton— both  active  collect- 
ors of  the  Clinton  fossils  near  that  city.  He  also  wishes  to  express 
his  appreciation  of  the  kindness  and  interest  shown  him  by  Prof.  Ed- 
»fajd  Orton,  of  the  Ohio  Geological  Survey,  a  man  of  eminent  ability, 
and  whose  careful,  painstaking  work  has  justly  won  him  a  place  among 
the  most  honored  of  American  geologists. 
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Brachiopoda. 

I. 

Leptaena  prolongata, 

n.  sp. 

II. 

Strophomena  patenta, 

Hall. 

III. 

—           rhoraboidalis, 

Wilckens. 

IV. 

Orthis  biforata,  var.  lynx.  f.  reversata. 

V. 

—    biforata,  var.  lynx.  f.  Daytonensis. 

VI. 

—    flabella,             .... 

Sowerbv. 

VII. 

—     hybrida, 

.     Sowerby. 

VIII. 

—     elegantula,       .... 

Dalman. 

IX. 

—     elegantula,  var.  parva, 

n.  var. 

X. 

—     fausta,             .... 

n.  sp. 

XI. 

—     Daytonensis, 

n.  sp. 

XII. 

Meristella  umbonata, 

Billings. 

XIII. 

Triplesia  Ortoni,          .             .             .             . 

Meek. 

XIV. 

t^       crk 

n.  sp. 

XV. 

Rhynchonella  scobina,                  .             , 

Meek. 

XVI. 

Zygospira  modesta, 

Hall. 

XVII. 

A  try  pa  nodostriata,        .... 

Hall. 

<:viii. 

Eichwaldia  reticulata, 

Hall. 

The  Brachiopoda  of  the  Clinton  Group  of  Ohio  seem  to  have  their 
nearest  relatives  in  the  Niagara  formations  of  other  States.  Eichwal- 
dia reticulata  is  characteristic  of  the  Waldron  beds  of  Indiana.  Or- 
tJiis  hybrida  and  O.  ckgantula  are  widely  distributed  Niagara  forms. 
Orthis  flabdla  and  Atrypa  nodostriata  recall  the  Niagara  fossils  of  New 
York.  Rhynchonella  scobina  is  closely  related  to  R.  fuglecta,  a  Niagara 
fossil  of  considerable  distribution.  Leptcrna  prolongata  recalls  Z. 
transi^ersalis  of  New  York.  Orthis  fausta  finds  its  nearest  relative, 
perhaps,  in  O.  Nisis,  of  Kentucky  strata,  equivalent  to  Niagara  for- 
mations. Aferistella  umbonata  is  found  in  the  Middle  Silurian  of  An- 
ticosta.  Strophomena  patenta,  however,  is  found  in  New  York,  in 
rocks  undoubtedly  Clinton.  Three  species,  Strophomena  rhomboidalis, 
Orthis  biforata  var.  lynx,  and  apparently  also  Zygospira  modesta  extend 
from  the  Lower  Silurian  into  the  Clinton  rocks  of  Ohio. 

Of  these,  Strophomena  rhomboidalis  and  Ofihis  biforata,  var.  lynx, 
have  a  great  range  vertically.  Strophomena  patenta  differs  from  the 
New  York  types  of  this  species  in  the  finer  and  more  numerous  radi- 
ating string.  Zygospira  modesta,  as  stated,  has  its  relations  in  lower 
strata.  The  testimony  of  the  other  fossils  seems  to  be  more  or  less 
decidedly  in  favor  of  a  relationship  with  Niagara  forms. 
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GENUS    LEPT.-ENA,    Dalman. 


I.      Ui 


i'ROT.ONIiATA,  .(/.   «. 


( Plate  XIII,  Figs.  5 
Shell  of  medium  size,  concavo-convex,   semi-oval;  hinge  line  pro- 
longed, exceeding  the  width  of  the  shell,  lateral  extremities  acutely 

Ventral  valve  alone  known,  very  convex,  highest  elevation  at  about 
one  third  the  distance  from  the  beak  to  ihe  anterior  margin,  thence 
curving  rapidly  towards  the  anterior  margin,  and  far  more  so  towards 
the  posterior  margin  or  hinge  line,  which  is  inflected.  There  is  a 
tendency  towards  a  slight  mesial  elevation. 

Surface  marked  by  fine,  close  striae,  some  of  which  are  more  prom- 
inent, the  spaces  between  being  puncto-striate.  Interior  of  shell  also 
striated  in  the  same  direction  as  the  exterior  surface,  the  reticulated 
structure  of  L,  transversali's  not  observed. 

This  species  is  closely  related  to  Z.  traim^ersalis,  from  which  it  dif- 
fers in  its  larger  size,  the  lateral  prolongation  of  the  shell,  especially 
ilong  the  hinge  line,  absence  as  far  as  known  of  reticulations  among 
the  interior  striie,  and  by  the  tendency  towards  a  mesial  fold.  From 
L.  sfiitea  it  can  be  distinguished  by  its  great  convexity  from  the  ante- 
rior towards  the  posterior  regions.  {The  specific  term  is  intended  to 
suggest  the  lateral  prolongation  of  the  shell.) 

Length,  13  mm.;  breadth.  25  mm.;  convexity  of  the  ventral  valve, 
5  to  6  mm. 

Locality  and  position.     Soldiers'  Home,  Clinton  Croup. 

GRNUS  STROPHOMENA.      Rafines.jue. 
11.     Strophomf.na    patenta.    Hail. 
Shell  described  in  Ohio  Pal.  Vol.  II. 
Locality  and  position.     Soldiers'   Home  Quarries,   Clir.ton  Group  ; 


A 


Strophomena  rhomboidaus,   VVilckens  (sp. ). 
cribed  in  Ohio  Pal,  Vol.  11.;  variable. 
Zoealily   and  position.     Soldiers'    Home  and    Hiiflman    (ji 
Clinton  Group. 


8o  BULLETIN  OF    THE  LABORATORIES 

GENUS  ORTHIS,  Dalman. 

Orthis  biforata,  van  lynx,    Fon.  Buck. 
IV.     forma  reversata, 

(Plate  XIII,  Fig.   7.) 

Shell  of  the  type  known  as  var.  lynx,  especially  those  forms  which 
show  a  greater  number  of  plications  on  the  mesial  fold  and  in  the 
sinus.  The  name  given  to  the  form  here  described  is  expected  to 
have  only  a  local  use  to  distinguish  it  from  the  variety  lynx,  as  de- 
scribed and  figured  in  the  Ohio  Geological  Reports  from  the  strata  of 
the  Cincinnati  formations.  Typical  specimens  of  the  different  varie- 
ties of  O.  biforata  from  the  Lower  Silurian  formations  of  Ohio  have 
an  odd  number  of  plications  in  the  mesial  sinuSj  and  an  even  number 
on  the  mesial  fold.  Thus  var.  lytix  has  typically  three  in  the  sinus 
and  four  on  the  fold.  When  more  than  this  number  appear,  the 
typical  plications  are  the  stronger.  Typical  specimens  of  O.  biforata 
var.  lynx  in  the  Upper  Silurian  formations  (Clinton  Group),  in  the 
two  forms  known  to  me,  have  an  even  number  of  plications  in  the 
mesial  sinus,  and  an  odd  number  on  the  mesial  fold.  In  the  form  re- 
versata  the  plications  branch  frecjuently,  hut  the  typical  arrangement 
remains  clearly  defined.  Although  these  distinctions  are  not  expected 
to  be  of  value  elsewhere,  thev  are  too  well  defined  and  of  too  much 
interest  in  our  local  formations,  not  to  be  noted. 

Shell  attaining  a  fair  size,  the  dorsal  valve  a  little  larger;  shell 
wider  than  long,  with  a  sub-graduate  outline ;  no  very  gibbous  forms 
have  as  yet  been  found  ;  hinge  line  less  than  the  greatest  breadth  of 
the  valves;  cardinal  extremities  obtusely  angular;  lateral  margins 
rather  sinuous  near  the  hinge  line,  rounding  to  the  front,  where  it  is 
somewhat  sinuously  rounded  at  the  junction  of  the  mesial  sinus  and 
fold.  Beaks  nearly  ecjual,  incurved  and  approximate,  sometimes  al- 
most touching  ;  cardinal  areas  nearly  ecjual. 

Dorsal  valve  more  convex  than  the  ventral,  its  greatest  convexity 
being  near  the  middle.  Mesial  fold  rather  rounded,  arising  near  the 
beak,  becoming  more  prominent  as  it  extends  forward,  with  rounded 
sides;  beak  projecting  beyond  the  hinge  margin,  strongly  incurved; 
cardinal  area  directed  backward,  somewhat  incurved.  Foramen 
broad,  triangular  and  not  closed  by  the  cardinal  process. 

Ventral  valve  witli  a  mesial  sinus,  beginning  near  the  beak,  ex* 
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tending  forward,  terminating  in  a  rounded  projcLiion  which  continues 
the  curvature  of  the  shell  and  thus  produces  a  sinuous  outline  for  the 
front  edge  of  the  shell.  Surface  of  the  valve  rounded  into  the  mod- 
erately concave  sinus.  Beak  )es,s  strongly  incurved  than  thai  of  the 
dorsal  valve.  Cardinal  area  incurved  and  directed  backward,  less, 
however,  than  that  of  the  other  vaive.  Foramen  trianRular,  wider 
than  high;  hinge  teeth  moderately  prominent  and  trigonal;  muscu- 
lar cavity  oblong,  little  more  than  one  third  the  length  of  the  shell, 
lateral  margins  parallel,  well  defined  by  the  dental  ridges.  On  either 
side  of  this  cavity  are  a  number  of  short  stria:,  which  are  arranged  in 
longitudinal  lines  following  about  the  direction  of  the  plications. 

Surface  of  each  valve  with  rounded,  radiating  plications,  from  14 
to  36  in  number,  of  which  four  to  six  occupy  the  mesial  sinus,  and  five 
to  seven  (in  one  specimen  ten  or  eleven)  the  mesial  fold.  In  the 
sinus  two  plications  begin  at  the  beak,  two  additional  ones  are  imme- 
diately added,  and  later  one  or  two  more  at  one  third  or  one  half  the 
length  of  the  .shell  from  the  beak.  On  the  mesial  fold  three  plica- 
tions originate  at  the  beak,  to  which  two  more  are  added  at  one  fourth 
the  length  of  the  shell  from  the  beak ;  later  two  more  appear  and  in 
one  specimen  in  hand  ten  or  eleven  plications  are  more  or  less  distinct- 
ly shown.  The  plications  in  the  sinus  and  on  the  fold  branch  in  alt 
specimens  as  described  above ;  the  lateral  ones,  10-15  in  number,  are 
almost  always  simple.  Lines  of  growth  not  shown  in  the  speci- 
mens found.  Well  preserved  specimens  under  the  microscope 
show  numerous  minute  granules,  arranged  in  regular  rows  across  the 
plications. 

Length  of  the  specimen  figured,  24  mm.;  breadth,  18  mm.;  hinge 
line,  31  mm.;  convexity.  18  mm.;  breadth  of  largest  specimen,  37 
ram.  Comparing  this  description  with  that  given  by  Meek,  in  Pal. 
Ohio,  Vol.  1..  it  will  be  found  to  be  about  the  same  as  that  of  var. 
fynx.  {The  name  of  the  form  is  intended  to  suggest  the  fact  that  the 
odd  and  even  number  of  mesial  plications  are  found  on  valves  oppo- 
site to  those  on  which  they  occur  in  Lower  Silurian  forms,  as  though 
the  shell  had  been  lurfifd  about. ) 

Locality  atul posititm.  Throughout  the  Clinton  Group.  Found  en- 
tire in  the  Beavertown  marl,  generally  in  fragments  in  the  rest  of  the 
group.     Soldiers"  Home,  Centreville,  Huffman's  Quarries, 

It  may  be  interesting  to  notice  in  this  connection  that  all  the  forms 
of  Ortfiis  biforatti  from  the  upper  Niagara  formations  of  Ohio,  which  I 
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have  seen,  belong  to  a  smaller  type  of  the  var.  lynx^  and  are  charac- 
terized, like  our  Clinton  si>ecimens,  by  an  even  number  of  plications 
in  the  sinus,  and  odd  number  on  the  mesial  fold. 

V.     Forma  Daytomnsis. 

{Plate  XIII,  Fig.  8.) 

This  is  another  form  belonging  to  the  forms  typified  by  the  varie- 
ties of  O.  biforata,  found  in  the  Cincinnati  formations.  They  bear 
considerable  resemblance  to  the  young  of  var.  lynx^  and  in  one  case,  hav- 
ing the  hinge  line  greater  than  the  breadth  of  the  shell,  it  varies  somewhat 
in  the  direction  of  var.  acutilirata.  The  name  is  expected  to  have 
only  a  local  use  for  the  Clinton  forms  which  have  two  plications  in  the 
mesial  sinus,  and  three  simple  ones  on  the  fold,  all  of  which  seem  to 
originate  at  about  the  same  distance  from  the  beak. 

Shell  of  small  size,  wider  than  long,  with  a  subquadrate  outline, 
hinge  line  usually  shorter  than  or  equaling  the  breadth  of  the  valve,  in 
one  specimen  exceeding  it  in  size.  The  shells  have  their  outline  indis- 
tinctly preserved  and  are  found  only  as  single  valves  showing  their 
exteror  surface. 

Ventral  and  dorsal  valves  with  sinus  and  fold  rounded,  the  plica- 
tions also  more  rounded  than  those  of  Lower  Silurian  formations, 
simple. 

These  specimens  could  perhaps  be  considered  as  the  young  of  the 
form  rarrsafa,  were  it  not  for  the  simj)le  plications  on  both  fold  and 
sinus,  which  remain  simple  where  on  the  c()rresj)onding  places  of  the 
other   form  there  would   be  several  additional  plications   intercalated. 

Length  of  medium  sized  specimen,  12  mm.;  breadth,  18  mm.; 
convexity,  as  well  as  can  be  determined  by  a  comparison  of  ditTerent 
single  valves,  9  mm.  Breadth  of  largest  specimen,  24  mm.  (The 
name  of  the  form  is  taken  from  the  locality  where   it  is  most  frequent. 

Locality  an d position.      Soldiers'  Home,  Clinton  Croup. 

VI.     Orthis  flahekla,   S(nr('//n\ 

{Plate  XII f,    lii^s.    12  a,  b.  ) 

Shell  semi-oval  ;  hinge  line  eciual  to  the  breadth  of  the  valve  or 
generally  a  little  less.  Shell  wider  than  long,  the  dorsal  valve  much 
more  convex  than  the  other,  verv  variable. 
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Dorsal  valve  very  convex,  the  greatest  convexity  being  near  the 
beak  ;  beak  much  elevated,  incurved. 

Ventral  valve  flattened,  with  a  shallow  mesial  sinus,  more  marked 
along  the  posterior  half  of  the  shell,  towards  the  beak ;  beak  but 
slightly  elevated. 

Surface  marked  by  twenty  to  twenty-four  simple,  strong,  low, 
rounded,  almost  straight  plications,  equal  to  the  broad,  flattish  spaces 
between  them  in  width. 

From  the  form  as  described  above  there  are  many  variations. 
The  middle  plication  of  the  dorsal  valve  frequently  manifests  a  tenden- 
cy towards  becoming  more  elevated  and  almost  forming  a  low  carina 
towards  the  beak  ;  the  other  plications  becoming  more  indistinct  as  they 
approach  this  point.  They  may  also  become  more  angular,  more 
numerous,  approaching  thirty  in  number,  and  the  spaces  between  them 
may  become  even  narrower  than  the  plications.  Again,  in  a  few 
specimens  they  divide  dichotomously  towards  their  extremities.  The 
shells  also  vary  considerably  in  size,  from  18  to  43  mm.  in  breadth. 
Faint  concentric  striae  may  also  appear  in  the  depression  between  the 
plications';  lines  of  growth  are  still  more  rare.  The  anterior  and  lat- 
eral margins  of  the  shell  are  rarely  well  defined  in  our  specimens. 

Length,  18  mm.;  breadth,  26  mm.;  convexity,  as  nearly  as  can  be 
determined  by  comparison  of  the  separated  valves,  8  to  9  mm.,  being 
accounted  for  mainly  by  the  great  convexity  of  the  dorsal  valve. 

The  shell  has  been  found  only  in  the  form  of  separated  valves,  the 
exterior  surface  exposed,  the  cardinal  area  invisible ;  however,  the  few 
simple  plications  usually  equaling  the  flat  depressions  between  suffi- 
ciently determine  this  species. 

Locality  and  position.  Soldiers'  Home  Quarries,  Clinton  Group; 
very  common  in  places. 

VII.      Orthis  hvbrida,   Scnverby. 

{Plate  XIII,  Figs.  10  a,  b.) 

Shell  lenticular,  greatest  diameter  at  one  third  the  length  of  the 
shell  from  the  beak,  wider  than  long ;  valves  nearly  equal,  hinge  line 
about  half  the  width  of  the  shell. 

Dorsal  valve  convex,  evenly  rounded,  beak  less  elevated  than  that 
of  the  ventral  valve,  cardinal  area  smaller,  extending  the  length  of  the 
hinge  line. 
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Ventral  valve  convex,  with  a  broad,  undefined  depression  extending 
from  near  the  centre  to  the  anterior  margin ;  beak  a  little  incurved, 
cardinal  area  directed  backwards,  incurved.  Owing  to  the  depression 
along  the  anterior  portion  of  the  ventral  valve,  the  shell  has  a  sinuous 
outline  in  front. 

Surface  marked  by  fine,  close,  branching  striae,  which  are  arched 
upwards  along  the  postero-lateral  margins ;  radiating  striae  crossed  by 
several  lines  of  growth.  Concentric  striae  not  distinguishable  in  the 
specimens  at  hand. 

Length,  17  mm.;  breadth,  19  mm.;  convexity,  8  mm.;  hinge  line, 
10  mm. 

Locality  and  position.  Soldiers'  Home  Quarry,  in  the  upper,  shaly 
courses  of  the  Clinton  Group. 

VIII.     Orthis   elegantula,   Dabnan. 

(Plate  XIII,  Figs.   11  a,  d.) 

Shell  semi-oval ;  hinge  line  shorter  than  the  width  of  the  shell, 
exceeding  the  length  of  the  cardinal  area. 

Dorsal  valve  almost  flat,  with  a  shallow  depression  extending  from 
the  beak  to  the  anterior  margin ;  more  marked  near  the  beak  ;  beak 
not  incurved. 

Ventral  valve  convex,  extremely  elevated  towards  the  beak  ;  beak 
much  exceeding  that  of  ventral  valve  in  length,  and  incurved  over 
the  cardinal  area. 

Surface  marked  by  fine  radiating  striae,  branching,  curved  upwards 
along  the  lateral  and  posterior  margins;  crossed  by  lines  of  growth,  and 
fainter  concentric  strias. 

This  species  may  be  readily  distinguished  from  O.  hybrida  by  the 
flat  dorsal  valve,  and  shallow  depression  extending  from  the  beak  to 
the  anterior  margin,  also  by  the  more  quadrangular  outline  of  the 
shell. 

Length,  16  mm.;  breadth,  17  mm.;  convexity,  4  mm.;  hinge  line, 
10  mm. 

Locality  and  position.  Soldiers'  Home  and  Centreville  Quarries, 
in  the  upper  courses  of  the  Clinton  Group. 
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IX,  var.  parva,  or  young. 
(Plate  XIII,  Figs.  \1  a,  b.) 

Among  the  specimens  of  Ortkis  collected  at  the  Soldiers'  Home 
Quarries  occur  great  numbers  of  a  small  form  resembling  O.  eUgantula. 
The  ventral  valve  is  exceedingly  convex  and  the  surface  is  marked  by 
fine,  numerous,  indistinctly  preserved  striLe,  being  plainest  at  the  lat- 
eral and  anterior  margins  of  the  valve.  The  beak  is  very  prominent 
and  incurved. 

An  ordinary  .si^ed  specimen  of  the  ventral  valve  measured  gave  a 
length  of  6  mm.;  breadth,  7  mm.;  convexity,  3  mm.  The  largest 
specimen  observed  does  not  exceed  10  mm.  in  breadth. 

The  variety  occurs  frequently  in  the  limestone  of  the  Clinton  Group, 
whereas  the  species  described  above  seems  confined  to  the  upper,  shaly 
courses.  The  main  reasons  for  separating  it  from  the  .sftecies  are  its 
smaller  size,  greater  convexity,  and  different  location.  If  not  the 
young  of  O.  ele^antula  it  is  certainly  a  well  marked  variety.  Its  gen- 
eral appearance  is  somewhat  like  that  of  O.  pisa  of  New  York  strata, 
but  our  shell  does  not  have  both  valves  connected  and  the  presence  of 
an  occasional  dorsal  valve  having  a  low  mesial  depression,  apparently 
to  be  associated  with  the  ventral  forms,  would  preclude  such  a  deter- 
mination. For  the  present  it  may  be  considered  a  variety  of  O.  eU- 
gan/ula. 

LocalUy  and  position.  Widely  distributed  throughout  the  Soldiers' 
Home  Quarries,  in  all  except  the  uppermost  layers  of  the  Clinton 
Group. 

X.  Orthis  fal"sta.  -t/.  n. 

{Plate  XIII,  Figs.  15  a,  b,  c,  d\  and  Figs.  16  a,  b.) 
Shell  of  medium  siie  or  often  less,  wider  than  long ;  hinge  line  not 
equaling  the  width  of  the  shell ;  lateral  margins  rounded  in  front,  pos- 
teriorly incurved,  frequently  expanding  at  the  hinge  line  just  enough  to 
leave  the  postero-lateral  margins  extend  a  slight  distance  beyond  the 
incurved  portion  of  the  same,  like  tittle  ears.  Convexity  of  the 
valves  almost  equal,  that  of  the  ventral  valve  being  slightly  the 
greater. 

Dorsal  valve  convex,  with  a  distinct  mesial  sinus  extending  from 
the  beak  to  a  point  about  one  third  the  distance  from  the  anterior  mar- 
gin, where  it  vanishes ;  the  greatest  convexity  lies  a  little  behind  the 
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middle,  on  either  side  of  the  mesial  sinus.  Beak  slightly  elevated, 
scarcely  incurved ;  foramen  broad-triangular,  width  equal  to  twice  the 
height.  Cardinal  process  small,  laterally  compressed,  not  filling  the 
foramen,  in  a  line  with  the  base  of  the  cardinal  area  ;  cardinal  area 
moderate,  one  third  that  of  the  ventral  valve,  equaling  the  hinge  line, 
directed  backwards,  arched.  Postero-lateral  regions  of  the  valve 
moderately  compressed. 

Ventral  valve  more  convex,  its  greatest  convexity  about  two-fifths 
the  distance  from  the  beak,  sloping  regularly  to  the  lateral  and  anterior 
margins.  Beak  prominent,  incurved,  having  two  or  three  times  the 
elevation  of  the  dorsal  valve ;  cardinal  area  corresponding,  directed 
obliquely  backwards,  arched  ;  foramen  triangular. 

Surface  marked  by  40  to  50  radiating  striae,  which  increase  by  fre- 
quent intercalations,  and  are  crossed  by  distinct  concentric  striae,  giv- 
ing the  surface  a  beautifully  ornate  appearance,  which  will  serve  to 
readily  distinguish  it  from  the  other  species  of  Orthis  found  here. 
(Figs.  15  a,  b,  r,  d.) 

A  form  of  this  species  occurs  having  the  general  shape  and  char- 
acteristics of  the  typical  specimens,  hut  the  plications  are  more  angular, 
sometimes  almost  acutely  ridged,  and  crossed  by  concentric  striae, 
more  closely  arranged,  and  also  much  less  distinct,  not  producing  the 
ornate  appearance  characteristic  of  the  ty})ical  form.  For  this  reason 
I  was  once  inclined  to  sejxirate  them  under  a  difrcrent  name,  acuto- 
plicata^  but  at  present  I  am  of  the  o])inion  that  they  are  not  sufficiently 
distinct  to  be  placed  even  under  a  varietal  name,      (l^'ig.  16  </,  b.  ) 

Length  of  a  specimen,  17  mm.:  breadth,  21  mm.;  convexity,  9  mm.; 
varying  from  this  to  spec:imens  with  a  convexity  of  only  6  or  7  mm. 

This  species  seems  to  be  a  form  intermediate  between  Orthis  in- 
sculpta  diwd  O.  biila-rui:;os(i  (>{  the  Lower  Silurian  strata,  and  O.  Al'sis  of 
the  Niagara  grouj)  of  Kentucky.  It  differs  from  the  last  in  the  much 
smaller  elevation  of  the  ventral  beak  ;  from  the  second,  in  the  coarser 
and  broader  appearance  of  its  radiating  stri;i?,  the  absence  of  an  in- 
curved anterior  margin,  and  by  the  greater  curve  of  its  ventral  beak  ; 
from  the  first  it  is  chiefly  distinguished  by  greater  size  and  more 
numerous  strix. 

Locality  aud  position.  Soldiers'  Home  (Quarries,  C'linton  Ciroup; 
the  typical  forms,  in  the  up])er  {)art  of  the  grouj);  the  variety  with 
more  acute  i)lications,  in  the  lower  portions  of  the  same. 
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XL     Orthis  Daytonensis,  sp.  n, 

{Plate  XIII,  ^^^^'  13  ^»  ^»  ^1  ^-Z   I*^^^^'  20  a,  b;  a  fid  Fig.  21.) 

Dorsal  valve  wider  than  long,  very  convex,  greatest  convexity 
being  just  behind  the  middle,  thence  sloping  almost  equally  on  all 
sides,  except  toward  the  postero-lateral  regions,  which  are  somewhat 
compressed ;  a  faint  mesial  sinus  towards  the  beak.  Cardinal  area 
narrow,  foramen  broadly  triangular,  cardinal  process  narrow,  com- 
pressed laterally,  and  situated  beyond  a  line  connecting  the  lower 
edges  of  the  cardinal  area,  or  on  the  line  itself;  not  filling  the  foramen. 

Ventral  valve  flattish,  its  greatest' convexity  one  fourth  the  distance 
from  the  beak  or  even  closer;  thence  sloping  towards  the  postero- 
lateral extremities  and  the  anterior  margin,  causing  the  anterior  portion 
of  the  valve  to  be  depressed,  and  leaving  that  portion  of  the  shell 
extending  from  the  beak  to  about  the  middle  of  the  lateral  margins 
elevated  above  the  other  portions  of  the  valve. 

The  interior  of  a  ventral  valve  found  will  be  sufficiently  explained 
by  Fig.  20  b,  of  Plate  Xlll.  A  single  specimen  with  both  valves 
united  has  been  found  presenting  the  characteristics  of  the  valves  just 
described,  and  furnishes  my  authority  for  uniting  them  under  the  same 
species.  But  as  a  curious  matter  of  fact  most  of  the  ventral  valves 
have  been  found  at  Allen's  Quarry,  and  all  the  dorsal  valves  at  the 
.Soldiers'  Home  Quarries.  The  entire  specimen  is  smaller  in  size  than 
most  of  the  single  valves  found. 

Surface  marked  by  60  to  90  fine,  radiating  striie ;  the  branching  is 
frequent  and  by  intercalations.  Concentric  strinc  distant  from  each 
other  about  the  space  between  the  radiating  striae,  or  more,  giving  some- 
times the  appearance  of  quadrangular  punctie  between  the  striai ;  con- 
centric stride  usually  best  preserved  in  the  spaces  between  the  radiating 
striae,  often  not  very  plain  on  the  striae  themselves. 

Length  of  a  dorsal  valve,  17  mm.;  breadth,  21  mm.;  convexity, 
5  to  6  mm.  Length  of  a  ventral  valve,  21mm.;  breadth,  26  mm.; 
convexity,  4  to  5  mm.  Length  of  the  only  complete  shell  found,  18 
mm.;  breadth  23  mm.;  convexity,  8  mm.;  the  relative  elevation  of  the 
beaks  in  this  specimen  may  be  understood  by  examining  Fig.  21,  of 
Plate  XIIL 

Locality  and  position.    Allen's  and  Soldiers'  Home  Quarries,  Clinton 
Group. 
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GENUS  MERISTELLA,  Hall. 

XII.     Meristella  umbonata,  Billings  (sp.). 

{Plate  XIII,  Figs.  2  a,  b.) 

Shell  elongate  ovate,  the  sides  forming  a  continuous  curve  from  the 
umbo  of  the  ventral  valve  to  the  front  margin,  with  the  exception  of  a 
very  slight  inward  curve  at  the  hinge  extremities,  not  at  all  resembling 
those  of  the  Ohio  forms  of  M.  cylindrica ;  front  margin  rounded. 

Dorsal  valve  convex,  greatest  elevation  at  one  third  the  distance 
from  the  beak,  thence  obtusely  rounded  towards  the  beak  which  is  con- 
cealed by  that  of  the  ventral  valve. 

Ventral  valve  strongly  convex,  forming  a  continuous  curve  from  the 
anterior  margin  to  the  beak,  which  is  spirally  incurved  upon  the  beak 
of  the  dorsal  valve,  which  it  more  or  less  conceals.  The  ventral 
valve  considerably  elevated  above  the  beak  of  the  dorsal,  more  so  than 
would  be  indicated  by  the  figures  accompanying  this  description. 

Surface  smooth,  the  concentric  striae  indistinct. 

Length  of  dorsal  valve,  14  mm.;  of  ventral  valve  in  the  same 
specimen,  17  mm.;  breadth,  14  mm.;  convexity,  12mm.  Length  of 
dorsal  valve  in  a  small  s[)ecimen,  10  mm.;  ventral  valve,  12  mm.; 
breadth,  8  mm.;  convexity,  8  mm. 

The  first  inclination  was  to  place  these  specimens  under  Meristella 
cylindrica,  but  several  reasons  will  not  permit  this :  the  size  of  the 
specimens  is  smaller,  the  elevation  of  the  ventral  valve  is  greater,  the 
length  of  the  shell  is  relatively  smaller  as  compared  with  its  breadth, 
and  considered  as  young  of  M  cylindrica,  their  convexity  is  too  great. 
On  the  other  hand  thev  arc  of  the  same  size  and  outline  as  M.  umbo- 
nata.  Associated  with  the  ordinary  forms  are  also  separated  valves, 
broadly  ovate  in  outline  and  more  nearly  resembling  those  forms 
described  by  Hillings  under  the  s])e(  ific  term  Prinstana.  Since  the 
writer  is  of  the  oj)inion  that  this  species  is  only  another  form  of  M. 
umbonata,  its  apparent  occurrence  in  the  same  strata  in  Ohio  with  the 
form  just  described,  seems  to  him  an  additional  j)ro()f  of  its  identity. 

Locality  and  position.  Soldiers'  Home  Quarry,  Clinton  Limestone. 
S])ecimens  from  this  locality  were  kindly  loaned  by  Mr.  (ieorge  Cas- 
well, of  Dayton. 
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i  TRIPLESIA.   Hall. 


XIII,     Triplesu  Ortoni,  Muk. 

Described  in  Ohio  Pal.  Vol.  I, 

Lccalily  and  position.  Soldiers*  Home  and  Centreville  Quarries, 
Clinloa  Group;  the  upper  "shovel  ends"  arc  frequent  in  the  upper 
shaly  courses  of  the  Group. 


XIV. -■ TRIPLESIANA,  sp.   H. 

{Plate  XrV,  Figs,  ij  a,  b;  and  Fig.  14.) 

The  generic  relations  of  ihc  following  shell  I  have  been  unable  to 
determine  satisfactorily,  although  the  specimens  are  in  a  moderately 
good  state  of  preservation.  A  specific  name  is  merely  suggested  for 
the  local  use  of  collectors,  and  a  description  appended  to  give  notifica- 
tion of  at  least  the  existence  of  such  a  shell.  The  specific  name  is 
intended  to  suggest  its  similarity  in  appearance  to  certain  very  flat  forms 
of  TripUsia  Ortoni  m  which  tlie  cardinal  area  is  not  much  developed. 

Shell  subquadrate,  or  rounded  anteriorly  and  more  oval  in  outline, 
medium  or  larger  in  size;  cardinal  area  scarcely  developed,  very 
narrow,  but  apparently  equalling  the  hinge  line.  Beaks  approximate, 
with  about  die  same  elevation,  scarcely  elevated  above  the  hinge  line, 
not  prom  bent- 
One  valve  of  the  shell  has  a  low  mesial  elevation  of  moderate 
breadth,  corresponding  to  a  mesial  sinus  on  the  other  valve,  which  is 
shallow  but  equally  disrinct.  The  comparative  breadth  of  the  mesial 
fold  and  sinus,  considering  the  general  contour  of  the  shell,  although 
suggesting  Tripitsia  Ortoni,  is  dissimilar.  In  other  respectsitsuggests 
lo  me  a  strop homenoid  shell. 

Surface  marked  by  broad,  radiating,  scarcely  evident  folds,  and 
similar  concentric  elevations  of  growth,  in  addition  to  which,  very  fine, 
fibrous,  radiating  strise  are  visible  in  the  more  or  less  silicified  shell. 
Lateral  margin  meeting  the  hinge  line  at  Itltle  more  than  an  angle  of 
ninety  degrees,  roimded  anteriorly,  slighdy  projecting  at  the  middle. 

Length,  17  mm.;  breadth,  ag  mm.;  convexity,  tz  mm.  Lengthof 
another  individual.  28  mm.;  breadth,  30  mm. 

Locality  and  position.  Soldiers'  Home  Quarrj-,  in  the  middle  of  the 
Clbton  Group. 
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GENUS  RHYNCHONELLA,  Fisher. 

XV.       RHYNCHONELLA  SCOBINA,  Meek. 

Described  in  Ohio  Pal.  Vol.  I  and  II. 

Locality  and  position.  Soldiers'  Home,  Huffman,  and  Centreville 
Quarries,  Clinton  Group;  common. 

GENUS  ZVGOSPIRA,  Hall. 

XVI.     Zygospira  modesta,  Say  {sp.). 

(Plate  XIII,  Fig.  6.) 

Described  in  Ohio  Pal.  Vol.  I.,  and  mentioned  as  occurring  in 
the  Clinton  Group.  I  have  seen  no  specimens  which  could  be  re- 
ferred without  doubt  to  this  species  unless  it  be  a  dorsal  valve  of  the 
following  description. 

Dorsal  valve  subquadrate  orbicular;  beak  not  elevated;  marked  by 
about  twenty  simple  plications;  with  a  shallow  mesial  sinus,  occupied 
by  three  plications,  the  middle  plication  larger,  the  lateral  ones 
smaller  than  the  plications  immediately  adjacent. 

Length,  7  mm.;  width  scarcely  larger. 

Locality  and  position.  Beavertown  marl,  Huffman's  Quarry,  (Clinton 
Group. 

(;enls  ATR\'PA,   Dalman. 

XVII.     Atrypa  nodosiriata.  Hall. 

[Plate  XI IL  Pii:.  9.) 

Shell  described  in  Ohio  Pal.  Vol.  II. 

A  small  species  of  Atrypa  referred  here  occurs  sparingly,  of  the 
following  description. 

Shell  oval,  marked  by  i)lications,  hraiK  liing  near  the  middle  of  the 
shell.  Mesial  sinus  on  the  ventral  valve  ])lainly  defined  by  the 
bordering  plication  on  each  side,  containing  three  to  five  plications. 
Dorsal  valve  with  mesial  elevation,  well  defined  by  a  more  or  less 
sharp  sinus  on  each  side,  which  is  more  marked  towards  the  beak. 

Length,  11  mm.;  breadth,  11  mm.;  convexity,  6  mm. 
Locality  and posi/ion.     Soldiers'  Home,  Clinton  Group. 


DKNISON    UNIVERSITY. 


GENUS  EiCHWAl-DIA,  Billings. 

XVIIl.      EICHWAI.DIA    RETICULATA,  Hail. 

{Plate  XIII,  Figi.  4  a,  6.) 

Shell  broadly  triangular  ovate,  gibbous,  cardinal  slopes  flattened. 

Ventral  beak  small,  acute,  flattened  on  ihe  back,  closely  incurved, 
the  sinus  extending  from  the  beak  to  the  anterior  edge,  broad,  distinct. 

Dorsal  valve  more  convex,  lieak  obtuse,  strongly  incurved,  a  low, 
fairly  defined    mesial    fold  extending    from  the  beak  to  I 


Surface  covered  by  fine,  hexagonal,  reticulate  markings,  largest 
along  the  antero-lateral  slopes,  and  decreasing  in  size  towards  the  sinus 
and  posterior  regions.  A  small  space  near  the  ventral  beak  is  destitute 
of  markings. 

Length,  8  mm.;  breadth,  8  mm,;  convexity,  6  mm. 
Locality  and  position.     Fauvers'  Quarry  north  of  Dayton,  Clinton 
(Iroup.     Collection  of  Mr.  E.  M.  Thresher, 


Hall. 


Hall  and  Whitfield. 


I 


L  A  M  E  LLI  BR  A  N-  C  H  HT  A . 

I.     Pterinea  brisa, 
II.     Gramraysia  Caswelli, 

III.  Cypricardites  ferrugineum 

IV.  Nucula  minima,         -  -  -  -         -  n.  sp. 
The  Lameliibraiuhiata  of  the  Ointon  Group  of  Ohio  are  but  few 

lx>th  in  the  number  of  species  and  in  (he  frequency  of  their  occurrence. 
Pterinea  brisa,  if  correctly  identified,  adds  another  link  connecting 
this  formation  with  the  Niagara  Croup  of  the  West.  Il  occurs  also  at 
Waldron,  Indiana,  and  Bridgeport.  Illinois. 


GENUS  PTERINEA,  Goldfuss. 
I,     Pterinea  brisa.  Hail. 
{Plate  XI IL     Figs,   li,  a,  h.) 
Left  valve  alone   found.        Body  of  the  shell  obliquely  sub-ovaCe, 
extremely  inequilateral ;   anterior  wing  moderately  extended  ;  sinuate 
at  its  junction  with  the  body ;  posterior  wing  acutely  extended  a  litde 
beyond  the  posterior  extremity  of  the  shell;    umbo  prominent,    beak 
rising  a  little  above  the  hinge  line,  muscular  impression  in  right  valve 
unknown  from  want  of  specimens. 
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Surface  marked  by  strong,  radiating  striae,  and  less  conspicuous 
concentric  striae. 

The  intercalation  of  radiating  striae  in  some  cases  gives  rise  to  an 
appearance  similar  to  the  dentations  and  groovings  figured  in  the 
Indiana  reports,  but  not  identical  with  them.  The  concentric  striae 
also  are  not  so  prominent.  The  crystallized  character  of  our  speci- 
mens will,  perhaps,  account  in  part  for  these  discrepancies.  Fig.  14  b 
represents  a  specimen  with  fewer  radiating  striae,  referred  here. 

Length,  16-17  mm.;  height,  10- 11  mm.;  convexity  of  the  left  valve, 
about  2  mm. 

Locality  and  position.     Soldiers'  Home  Quarries,  Clinton  Group. 

GENUS  GRAMMYSIA,  De  Verneuil. 

II.     Grammysia  Caswelli,  sp.  n. 

{Plate  XIV,  Figs.  12  a,  d.) 

Shell  small,  transversely  sub-ovate;  umbonal  regions  gibbous,  an- 
terior regions  likewise ;  height  at  the  beaks  equalling  about  five-eights 
of  the  length.  Anterior  end  sloping  abruptly  from  the  beaks  above, 
with  a  distinctly  concave  outline,  to  the  lower  end  of  the  lunule,  where 
it  is  met  by  the  rounding  base,  forming  more  or  less  an  angle  at  their 
junction;  base  forming  a  broad  semi-elliptic  curve;  posterior  end 
more  compressed,  the  specimen  at  hand  being  too  imperfect  to  de- 
termine whether  it  gaps  at  this  extremity,  although  it  is  presumed  to 
do  so  a  little  from  the  curvature  of  the  better  preserved  valve  ;  pos- 
terior end  rounded,  then  curving  upward  and  quite  rapidly  forward 
almost  merging  into  the  hinge  line. 

Cardinal  margin  indistinctly  preserved,  judged  to  be  nearly  hori- 
zontal, slightly  concave  in  outline,  and  inflected  along  its  entire  length, 
forming  a  well  defined  escutcheon ;  lunule  distinct,  with  an  ob-ovate 
outline,  quite  deep.  Beaks  prominent,  strongly  incurved,  obliquely 
to  the  hinge,  directed  a  litde  forwards,  posterior  umbonal  slopes'prom- 
inently,  yet  rather  broadly  rounded. 

Surface  ornamented  in  the  cast  by  well-defined  concentric  ridges 
and  furrows,  these  in  the  specimen  at  hand  crossed  by  fine  parallel 
lines,  almost  vertical,  directed  a  little  backwards,  and  which  may  be 
accidental  rather  Uian  a  special  feature  of  the  shell.       Ridges  strongest 


,  Twcoming  less  distinct  posteriorly.  A  portion  of  the  shell 
where  presen'eti  shows  the  ridges  far  less  defined  than  on  the  cast. 

Length,  37  mm.;  height,  15  mm.;  convexity,  15  mm. 

Ltva/jfy  atid position.  Soldiers'  Home.  Clinton  Group.  Collection 
of  Mr.  Geo.  Caswell. 

tENUS  CYPRIttARDITES.  Conrad. 

III.      CVPRICARDITES  FERRUr.tNEl'M.    ILtll  and    Whilfield. 

species  described  in  Ohio  Pal.  Vol.  II. 

Locality  and  position.  Wilmington,  Clinton  County,  Ohio,  Clinton 
Group.     To  my  knowledge  not  found  elsewhere. 

GENUS  NUCULA,    Lamarck. 

IV.       NuCULA    MINIMA,    Sp.    n. 

i  Plate  X/F,   Figs.   8  a,  *,  c.) 

Shell  (presumably  the  cast)  very  small,  ovoid,  gibbous  above  the 
middle  towards  the  beaks,  outline  curving  to  the  base  and  posterior 
extremity,  anteriorly  curving  more  rapidly  to  the  beaks  above.  Beaks, 
near  the  anterior  extremity  of  the  shell,  incurved  and  inclined  for- 
wards. Hinge  line  at  one-third  the  distance  from  the  beak  to  its  pos- 
terior extremity  supplied  on  each  side  with  a  narrow  fold,  directed 
backwards,  making  a  small  angle  with  the  hinge  line,  and  vanishing  at 
one-third  the  distance  from  the  posterior  extremity  in  the  depressed  re* 
gions  formed  by  the  raised  postero-umbonal  regions. 

Near  the  beak  on  each  \alve  are  three  to  four  radiating  grooves, 
which  are  characteristic  of  this  species  and  are  evident  under  the  mi- 
croscope. 

In  addition  to  these  grooves  are  three  more  or  less  clearly  defined 
pits,  one  being  placed  in  the  anterior  groove  near  the  beak,  and  the 
two  others  in  the  second  groove,  one  on  each  side,  and  at  a  greater 
distance  from  the  beak.  .\long  the  hinge  line,  anterior  to  the  beaks, 
are  two  or  three  more  or  less  distinct  crenulations,  which  nppjear  a  little 
like  plications  originating  in  the  lunule  near  the  beak  and  becoming 
more  distinct  at  the  hinge  line. 

Length,  2  mm,;  height,  1.4  mm.;  convexity,    i  mm. 

Lo<aliiy  and  position.  Bcavertown  marl,  Huffman's  Quarry;  not 
i  elsewhere  in  the  Clinton  Group.     Associated  with  many  other 
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minute  forms,  apparently  chiefly  in  the  form  of  casts,  among  these  a 
number  of  gasteropoda. 

Gasteropoda. 

I.     Cyclonema  bilix,               .  Conrad  (sp.). 

II.     Trochonema  hana,       .  .             .    n.  sp. 

III.  Raphistoma  affinis,            .     •      .  .           n.  sp. 

IV.  Pleurotomaria  inexpectans,  Hall  and  Whitfield. 
V.     Cyclora  alta,         .            .  .            n.  sp. 

VI.  Strophostylus  cyclostomus,  ....     Hall. 

VII.  Platyosfoma  Niagarense,  Hail. 

VIII.  Bucania  exigua,  .      n.  sp. 

IX.  Bellerophon  fistello-striatus,  .            .            .             n.  sp. 

The  Gasteropoda  of  the  Clinton  Group,  identified  with  previously 
described  forms,  are  too  few  to  form  any  great  basis  of  comparison, 
stratigraphically.  Cyclonema  bUix  ranges  from  the  Lower  Silurian  into 
the  Upper.  Strophostylus  cyclostomus  is  found  also  at  Waldron,  Indi- 
ana. Platyostoma  Niagarense  differs  in  size  and  expansion  at  the  ap- 
erture from  typical  specimens,  but  its  connection  with  them  seems 
undoubted.  At  any  rate  its  deviation  from  the  typical  forms  is  far 
less  than  the  var.  trigonostonia  of  Meek,  and  all  these  forms  are  typi- 
cal of  the  Niagara. 

GENUS   CYCLONEMA,   Hall. 

I.     Cyclonema  bilix,   Conrad  (sp. ). 

Shell  described  from  the  Lower  Silurian  in  Ohio  Pal.  Vol.  I. 
Locality  and  position      Centreville  and  Soldiers'   Home  Quarries, 
frequent  in  the  upper  courses  of  the  Clinton  Group. 

GENUS  TROCHONEMA,  Salter. 

II.     Trochonema  nana,  sp.  n, 

(Plate   XIV,  Fig,   i6.) 

Shell  oblong,  the  height  about  twice  the  breadth,  in  the  specimen 
figured  the  Carina  being  a  Httle  more  prominent  than  is  there  indicated. 
Volutions  about  three,  increasing  rapidly  in  size,  the  last  disproportion- 
ately so,  forming  the  larger  bulk  of  the  shell,  almost  equaling  two- 
thirds  the  height.       Shell  thin ;  it  is  impossible  to  trace  the  suture  line, 
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the  volutions  may  be  supposed  to  meet,  this 
carina  is  distinctly  grooved  along  the  latter  half  of  the  last  volution 
where  it  approaches  the  aperture  uf  the  shell;  above  the  carina  is  a 
low  shallow  groove  which  in  the  last  volution  spreads  so  as  to  cover 
the  entire  volution.     Siirfuce  smooth.     Shell  probably  in  the  form  of 

Height,  3  mm.;  breadth,  i.smm.:  height  of  aperture,  .9  mm.  (?) 
breadth  of  aperture,  .35  mm.  (?)  above,  narrowing  to  .13  mm.  (?) 
below.  The  measurements  given  for  the  aperture  are  liable  to 
error,  although  there  seem  to  he  slight  grooves  and  elevations  at  the 
close  of  the  last  volution,  which  took  like  an  elongated  aperture. 

Locality  and  position.  Beavertown  marl.  Huffman's  Quarry,  CHn- 
L^M£roup.       (Name  signifying  dwarf. ) 

^^Shell 


NU.s  R.\PHISTOMA, 

R.^PHISTOMA    AHKINIS, 


[Pioie  X/V.  Pig.  18.) 
Shell  lenticular;  breadth  a  little  more  than  twice  the  height;  con- 
vexity moderate  above,  etjually  so  below;  volutions  varying  from  two 
and  a.  half  to  three  and  a  half,  with  a  moderate  slope  above,  coinci- 
dent with  that  of  the  spire;  the  last  volution  sharply  carinate  around 
the  periphery,  convex  below,  being  more  so  at  the  umbilicus  into 
which  the  slope  is  abrupt ;  suture  distinct,  forming  a  small  groove 
between  the  volutions;  umbilicus  as  wide  as  the  outer  volution;  the 
last  volution  becoming  transversely  rhomboidal,  the  aperture  itself  not 
being  preserved,  the  breadth  about  three  times  the  height.  Surface 
apparently  smooth. 

This  species  is  almost  in  every  respect  identical  with  forms  of  H. 
Unticalaris  as  known  to  me  from  the  Lower  Silurian  formations.  It 
is  however  a  much  smaller  shell,  with  less  numerous  volutions,  and 
apparendy  a  distir.ct  form. 

Breadth  of  largest  specimen.  7  mm,;  height,  3  mm.;  breadth  of 
the  end  of  the  last  volution,  3  mm.;  height,  i.i  mm.;  aperture  not 
Jireserved, 

iMcality  and  position.  Beavertown  marl,  Huffman's  Quarry,  Clinton 
Group,  (Name  signifying  related,  the  shell  being  closely  allied  to  the 
well  known  species,  R.  kntkuhris.) 
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GENUS  PLEUROTOMARIA,  De  France. 

IV.     PLEUROTOMARIA  INEXPECTANS,  Holland  Whitfield. 

Shell  described  in  Ohio  Pal.  Vol.  II. 

Locality  and  position.  Iron  ore  beds  of  Clinton  County,  Clinton 
Group. 

GENUS  CYCLORA,  Hall. 

V.  Cyclora  alta,  sp.  n. 

(Plate  XIV,  Figs.  17  a,  If.) 

Shell  very  small,  conoid  subglobose;  spire  varying  from  two-thirds 
to  slightly  more  than  the  diameter  of  the  last  volution  ;  volutions  three 
or  four,  increasing  in  ^ize  rapidly,  but  evenly ;  the  last  volution  not  so 
disproportionate  in  size  to  the  rest  of  the  shell  as  compared  with  the 
species  so  far  described ;  suture  deep ;  surface  smooth ;  umbilicus 
small ;  aperture  circular. 

Height  of  largest  specimen  seen,  4  mm.;  breadth,  3.5  mm.  Height 
of  a  specimen  of  the  usual  size,  2  mm.;  breadth,  2.75  mm.  From 
this  varying  to  specimens  only  i  mm.  broad. 

ITiis  shell  differs  from  the  species  of  Cyclora  so  far  described  in  its 
greater  size,  greater  elevation  of  the  spire,  and  the  more  regular  in- 
crease of  its  volutions.  Its  general  form  a[)j)roaches  that  of  the 
closely  related  genus  Ifolopca.  Since  the  chief  distinction,  however, 
of  the  first  genus  is  its  diminutive  size,  it  may  be  safe  to  refer  to  it 
also  the  specimens  here  described. 

Locality  and  position.  Heavertovvn  marl,  Huffman's  Quarry,  Clinton 
(jroup  ;  not  scarce  (Name  intended  to  suggest  the  height  of  the 
spire,  as  compared  with  other  species  of  this  genus.) 

(;knus  STROPHOSTVLUS,  Hall. 
\'I.     SiRoi'iiosTVLUs  cvci.osro.MUs,  Hall. 
{Plate  XI W  Pi^.  15) 

Shell  transversely  broad-oval.  Spire  moderately  elevated;  volu- 
tions in  the  specimen  figured,  three,  a  fourth  having  broken  away; 
the  last  volution  by  far  the  Jargest,  vcntricose.  Aperture  not  fully 
exposed,  ol)li(iue  to  the  axis,  subcircular. 

Surface  marked'bv  shallow, [broad  striie  and  closer,  finer  striations 
crossing  the  volutions  obliquely  and  in  a  direction  opposed  to  them. 


OF    DEN  ISDN    UNIVERSITY. 


Diameter  of  volutions,  measured  in  a  plane  vertical  to  the  shell  and 
passing  through  the  aperture,  6.  r;,  and  44  mm.;  elevation  of  the 
second  and  third  volutions  less  than  half  the  last. 

The  character  and  direction  of  the  shell  aperture,  the  relative  size 
and  position  of  the  volutions  seem  to  leave  no  doubt  as  to  the  identity 
of  the  specimen,  and  will  at  the  same  time  serve  to  distinguish  it  from 
any  other  species  of  gaslcropod  found  in  Ohio. 

Locality  and  position.     Soldiers'  Home  Quarry,  Clinton  Group. 

GENUS  PLATYOSTOMA.   Conrad. 

Vlt.     Platvostoma  Niauare.nse,   Hall. 

{Piatt  Xlir,    Figs.  22  a,  b:  and  Figs.  3  a,  i. ) 

.Shell  ovoid,  volutions  three  to  four,  the  last  much  increased  in 
size,  spire  elevated  above  the  plane  of  the  outer  volution,  about  one 
sixth  of  the  height  of  the  shell. 

Apex  minute,  expanding  symmetrically  as  far  as  the  outer  volution, 
which  is  ventricose,  and  somewhat  straightened  at  the  aperture,  so  as 
not  to  maintain  the  curvature  of  the  coil ;  in  one  specimen  marked  on 
the  upper  and  lower  side  by  a  groove  along  which  the  strife  are  abrupt- 
ly bent;  peristome  undulated. 

Surface  marked  by  fine  undulating  striae  of  growth,  cancellated  by 
liner  revolving  strise. 

The  specimens  referred  here  are  smaller  in  size  than  typical  forms 
of  this  species  from  western  localities, and  they  differ  from  them  in  the 
tendency  for  the  last  volution  to  lessen  its  rale  of  curvature  and  be- 
come somewhat  straightened  as  it  approaches  the  aperture.  This 
straightened  appearance  is  in  part  due  to  the  slight  expansion  of  the 
tip  at  the  aperture.  Nevertheless  these  variances  seem  loo  slight  to 
give  rise  to  any  separation  from  the  typical  form  under  a  new  specific 
name. 


Height   of  shell,    ai    mm.;  e 
above   the   plane    of  the    last,  3. 
through  the  aperture),  36  ram.;  d. 
diameter  of  the  second  and  third  ci 
Locality  and  poution.      Brown' 
Group,  kindly  loaned  from  the  colli 
fr,  by  Prot  Edward  Orion. 
f  In  the  Soldiers'  Home  Q< 


of  the  first  three  volutions 

;  greatest   diameter  (passing 

verrical  to  the  same,  17  mm. ; 

s,  2.6  and  7  mm- 

Quarry,    New    Carlisle,    Clinton 

lions  of  the  Ohio  State  Universi- 

:imens  which  have  usual- 
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iy  been  referred  to  Hohpea,  both  by  collectors  and  writers  on  geology. 
They  consist  for  the  most  part  of  the  upper  three,  or  three  and  a  half 
volutions  of  a  shell  which  seems  identical  with  the  form  just  described. 
The  character  of  the  volutions  ^and  surface  striations  are  the  same;  the 
last  volution  is  also  expanded  at  the  aperture,  giving  greater  distinct- 
ness to  the  lip,  and  having  the  same  straightening  effect  on  the  curva- 
ture of  the  shell  at  this  point. 

In  the  New  Carlisle  specimens,  however,  the  upper  side  of  the  last 
third  of  the  last  volution  is  flattened  above  and  quite  evenly  rounded 
on  the  sides,  forming  in  this  way  a  line  of  elevation  along  the  upper 
side  of  the  volution,  where  the  gradual  curvature  of  the  sides  meets 
the  flattened  portion  above.  In  the  Soldiers'  Home  specimen  which 
is  best  preserved,  there  is  no  flattening  along  the  upper  plane  of  this 
last  volution,  but  instead,  there  is  an  even  curvature  from  the  suture 
to  the  lower  side,  an  elevation  being  thus  formed  at  the  umbilicus  into 
which  the  side  of  the  lower  third  of  the  volution  bends  abruptly. 

The  aperture  of  this  specimen,  therefore,  is  oblique  to  a  ver- 
tical diameter  of  the  shell,  whereas,  in  the  New  Carlisle  s{)eci- 
mens  the  aperture  seems  to  have  its  gieatest  diameter  vertical 
to  the  shell.  Other  forms,  however,  occur  at  the  Soldiers'  Home, 
among  which  are  some  with  deep  sutures  and  less  ol)lique  apertures  : 
some  quite  similar  to  the  New  Carlisle  specimens,  but  much  smaller; 
a  specimen  with  its  coils  arranged  somewhat  like  P.  picbium,  but  only 
half  its  si/e  (  Fig.  3  h. );  and  a  specimen  varying  to  the  op|)osite  ex- 
treme, with  the  last  volution  extremely  ventri(Ose,  the  U])j)er  vo- 
lution only  moderately  raised,  the  part  towards  the  aperture,  however, 
being  lacking  (Fig.  3a).  .All  the  forms  from  the  Soldiers'  Home 
differ  from  the  New  Carlisle  s])eciniens.  however,  in  their  smaller  size, 
the  New  Carlisle  s|)e(:imens  differing  in  turn  from  the  typical  western 
forms  chiefly  in  their  smaller  si/e.  All  these  Clinton  forms  differ 
from  the  western  in  the  slight  exjjansion  c)f  the  lip  at  the  aj)erture  and 
the  straightened  ai)pearan(e  of  the  xolutions  at  this  point,  the  rate  of 
curvature  decreasing. 

Specimens  last  described,  at  Soldiers'  Home  (Quarries,  C^linton 
Croup. 

(The  variations  here  indicated  will  be  carefully  figured  in  the  next 
paper. ) 
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GENUS  BUCANIA,   Hall. 

VIII.       BuCANIA    EXIGUA,    Sp.   ft. 

{Plate  XIII,  Figs.  i2>  a,  b,  c,  d.) 

Number  of  volutions  not  known,  the  last  alone  visible,  increasing 
rapidly  in  size  and  expanding  at  the  aperture ;  the  exact  character  of 
the  aperture  not  known  from  want  of  preservation,  but  is  presumed  to 
be  similar  to  that  of  B.  bilobatus.  The  outer  volution  rounded  on  the 
dorsum  at  its  origin,  a  mesial  carina  gradually  developing  toward  the 
ajxrrture  near  which  it  becomes  quite  distinct,  in  some  individuals,  de- 
cidedly so.  From  this  carina  the  sides  slope  evenly  to  the  umbili- 
cus, which  they  enter  with  a  sudden  curve,  forming  a  low,  indistinct, 
lateral  carina,  by  the  increase  of  curvature.  Umbilicus  apparently 
closed,  the  last  volution  alone  being  visible  in  the  specimens  examined. 
Surface  of  the  cast  smooth,  traces  of  the  original  shell,  however,  seem 
to  remain  in  a  few  spots,  indicating  a  system  of  striae  curving  from  the 
mesial  carina  obliquely  backwards,  these  apparently  crossed  by  other 
striations.  The  usual  form  of  the  cast,  however,  is  smooth,  the  shell 
being  entirely  removed. 

Measurements,  on  account  of  the  imperfect  preservation  of  the  shell 
towards  the  aperture,  are  of  little  value,  still  the  following  will  serve  to 
give  a  general  idea  of  the  proportions  of  the  shell.  Greatest  diame- 
ter of  the  typical  specimen  (Plate  XIII,  Figs,  a,  b. ),  9  mm.;  diameter 
at  right  angles  to  this,  6.2  mm.;  diameter  of  last  volution  at  the 
point  where  it  becomes  visible,  3.5  mm.;  broadest  part  of  volution 
preserved,  7  mm.  From  this  they  vary  in  size  from  specimens  which 
become  almost  minute  to  some  having  a  greatest  diameter  of  22   mm. 

Locality  and  position,  Beavertown  marl,  Huffman's  Quarry,  Clin- 
ton Group.     (Name  signifying  quite  small. ) 

GENUS  BELLEROPHON,   Montfort. 

IX.     Bellerophon  fisceli.o-striatus,  sp.  ;/. 

{Plate  XIII,  Figs.    19  a,  b,  c,  d.) 

Shell  sub-discoid ;  only  the  last  volution  known,  increasing  rapidly 
in  size,  being  almost  four  times  as  large  at  the  aperture  as  at  the  point 
where  it  first  becomes  visible;  the  increase  in  size  is  quite  regular,  ex- 
cept near  the  aperture  where  there  is  a  moderate  expansion  of  the  vo- 
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lution ;  aperture  not  distinctly  preserved,  but  apparently  the  aperture 
was  dorsally  sinuate,  the  sinuation  being  simple  and  broadly  V-shaped : 
this,  however,  can  not  be  conclusively  determined.  Umbilicus  quite 
large,  and  deeply  defined.  Dorsally  the  curvature  of  the  shell 
toward  each  side  is  even  and  moderate,  laterally  the  curvature  is  very 
sudden,  the  curvature  of  the  sides  into  the  umbilicus  equaling  or  even 
exceeding  the  dorsal  curvature  of  the  shell ;  by  this  means  the  umbili- 
cus is  deepened  and  the  sides  of  the  shell  appear  raised,  almost  cari- 
nated  towards  the  aperture. 

Surface  marked  by  fine  longitudinal  striae,  of  which  thirteen  may 
be  counted  on  each  side  of  the  carina  as  far  as  the  beginning  of  the 
umbilicus,  these  are  increased  by  intercalations  with  the  age  of  the 
shell.  Transverse  striae  in  the  direction  of  the  lines  of  growth,  the 
striae  on  opposite  sides  of  the  carina  having  an  angle  to  each  other 
equal  to  that  which  the  sides  of  the  sinus  of  the  aperture  seem  to  have. 
A  third,  less  distinct  system  of  striae,  originating  at  the  carina,  seems 
to  make  about  the  same  angle  with  the  longitudinal  striae  as  the  trans- 
verse striae  just  described.  As  a  result  of  all  these  striations,  the  sur- 
face of  the  shell  is  divided  up  into  many  minute,  many-sided  polygons 
which  give  the  shell  a  beautiful  appearance.  This  is  enhanced  by  a 
low,  distinct  carina,  slightly  raised  at  the  sides  and  thus  becoming 
grooved.  Along  the  carina  only  afew,  indistinct,  longitudinal  strias 
are  here  and  there  visible,  there  are  however  many  fine  transverse 
striae,  bending  backward  into  the  groove  of  the  carina. 

Greatest  diameter  (extending  through  the  aperture),  ii  mm.;  di- 
ameter transverse  to  this,  9  mm.  Diameter  of  the  last  volution  at  its 
beginning,  2.5  mm.;  at  the  aperture,  the  diameter  passing" through  the 
dorsum  is  5  mm.;  the  one  transverse  to  this,  9  mm.  The  width  of 
the  carina,  .4  to  .5  mm. 

Locality  and  position.     Stolz's  Quarry,  Clinton  Group. 

Crustacea. 

I.     Acidaspis  ,         ..... 

II.     Bathyurus,    ,  .... 

III.  Illaenus  Daytonensis,  .     Hall  and  Whitfield. 

IV.  —      Madisonianus,         .  .  Whitfield. 
V.         —      ambiguus,            .              .              .             .  n.  sp. 

VI.     Calymene ,    ..... 
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VII.     Calymene  Blumenbachii  ? 
VIII.     I.ichas  breviceps.    . 

IX.     Arionellus? , 

s  Werthneri. 


Brongniarl. 
Hall. 


The  triiobiles  so  far  stiniitd  > 
closely  related  to  Niagara  forms, 
stription  of  tUanus  Daytonensis,  ; 


Jill  to  be  either  identical  with,  or 
Hall  and  Whitfield,  in   their  de- 

■  that  "  specimens  having  the  same 
features  have  been  collected  from  the  Niagara  Group  of  Wisconsin  and 
Illinois."  /.  Madisonianus  is  found  in  Wisconsin;  however,  I  am 
unwilling  to  consider  this  as  good  evidence,  since  the  identification  is 
based  upon  one  specimen,  and  that,  the  pygidium.  /.  ambiguus 
finds  a  close  relation  in  /.  insignis,  a  typical,  western  Niagara  fossil. 
Lickas  breviceps  agrees  quite  closely  in  all  important  characteristics,  es- 
pecially those  of  the  pvgidium,  with  described  forms  of  this  species 
from  Waldron,  Indiana.  Dalmaniles  Werlhruri  is  closely  related  li) 
D,  ingilans  and  D.  vemieosus,  also  from  the  Niagara  strata  of  Indiana. 
Of  the  other  species  not  much  tan  lit  saiil  in  the  present  stale  of 
knowledge  concerning  them. 

liENi's  ACIDASPIS.  Murchisori. 


{Plate  Kill.    Fk.  2^) 

.\  fragment  of  a  trilobite  belonging  to  this  genus  has  been  found, 
presenting  chiefly  the  movable  cheek,  but  also  portions  of  the  glabella. 

Glabella  poorly  preserved;  including  the  occipital  regions  its 
breadth,  as  nearly  as  can  he  determined,  is  equal  to  about  one  third  or 
two  fifths  its  length,  the  widest  part  being  behind  the  middle,  between 
the  eyes ;  lateral  lobes  apparendy  three  on  each  side,  the  middle  and 
posterior  lateral  lohes  along  one  side  of  ihe  glabella  being  distinctly 
defined  in  the  specimen,  the  third,  anterior  lobe,  less  plainly,  on  ac- 
count of  the  imperfect  preservation  of  the  fossil  at  this  point.  Lat- 
eral lobes  of  an  almost  oval  outline,  directed  obliquely  forward  and 
outward,  the  posterior  one  larger  than  the  middle  lobe,  separated  by  a 
distinct  furrow  from  the  cheeks  and  from  themselves ;  there  is  a  broad 
groove  between  the  lateral  lobes  and  the  glabella  proper,  in  addition  to 
which  the  furrow  between  the  middle  and  posterior  lateral  lobes  and  the 
occipital    furrow    rounding   behind    the    posterior   lateral   lobe    bend 
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towards  one  another  between  the  posterior  latoral  lobe  and  'At  jg^abelk, 
which  they  seem  to  connect  by  means  of  the  raised  portion  left  be- 
tween them;  this  connection  is  not  altogether  d^tiofed  bf  the  low 
groove  which  separates  them.  The  occipital  r^ions  curve  stioi^^ 
downwards  towards  each  side,  behind  and  below  die  posMrior 
lateral  lobe,  then  slightly  outward  and  forward.  ()n  dits  acootint  the 
posterior  margin  of  the  glabella  is  considerably  deflected  on  either  side* 
beginning  a  considerable  distance  beneath  the  sur&ce  of  the  lateral 
lobe  and  fixed  cheek,  thence  rising  to  almost  the  level  oi  the  glabdla 
and  again  descending  on  the  other  side,  being  gracefully  undulated  in 
this  way.  The  occipital  furrow  extends  from  the  lowor  part  of  the  pos- 
terior lateral  lobe,  behind  this  lobe,  as  described  above,  reaching  a  lit- 
tle more  than  one  third  the  distance  across  the  glabella.  The  sk^ 
of  the  rear  of  the  posterior  lateral  lobe  to  the  occipital  regions  below 
is  almost  vertical. 

Fixed  che^k  divided  from  the  movable  cheek  by  a  furrow,  wbidi 
between  the  middle  lateral  lobe  and  the  antericn*  lataral  lobe  ap- 
proaches closely  to  the  furrow  dividing  the  lateral  lobes  from 
the    cheek;   thence    the    former  is    gradually  separated  from    the 

latter  until  it  meets  the  inner  margin  of  the  eye,  behind  which 
it  seems  to  curve  and  then  become  indistinct.  Anteriorly  the 
fixed  cheek  slopes  rapidly  downward  and  forward,  posteriorly  it 
curves  far  more  rapidly  downwards,  incurving  a  little  below,  so  that  a 
distinct  furrow  seems  to  separate  it  from  the  occipital  regions  of  the 
glabella ;  another  furrow,  starting  at  the  junction  of  the  glabella  and 
fixed  cheek,  curves  around  behind  the  eye,  separating  the  raised  por- 
tion of  the  cheek  between  the  eye  and  the  glabella,  from  the  posterior 
margin  of  the  cheek. 

Eye  not  preserved,  judging  from  indications  they  were  small,  placed 
in  a  line  with  the  rear  of  the  posterior  lateral  lobes. 

Movable  cheek  grooved  near  the  fixed  cheek,  the  groove  following 
the  direction  of  the  furrow  separating  the  cheeks ;  that  part  of  the 
movable  cheek  between  the  groove  and  the  furrow  following  the  curva- 
ture of  the  fixed  cheek.  From  this  groove  there  is  a  gradual  down- 
ward and  outward  curvature  of  the  cheek,  the  same  being  true  of  the  • 
portions  at  the  side  of  the  eye.  Behind  the  eye,  there  is  a  more  sudden 
downward  and  backward  curvature,  the  groove  above  mentioned  extend- 
ing behind  the  raised  regions  about  the  eye  near  the  posterior  margin  of 
the  cheeks,  spreading  out  and  becoming  indistinct  towards  the  lateral 
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margin  of  the  head.  The  posterior  and  lateral  margins  of  the  cheek 
are  distinctly  raised  so  as  to  form  a  ridge  around  the  cheek.  From 
the  junction  of  the  lateral  and  posterior  ridge  a  long,  sliarp  spine  ex- 
tends almost  directly  backward,  and  a  little  downward.  Along  the 
lateral  ridge  of  the  cheek  are  arranged  a  number  of  short  spines  about 
one  third  as  long  as  the  postero-lateral  spine.  The  lateral  spines 
curve  obliquely  backwards.  They  are  apparently  almost  equidis- 
tant from  each  other  and  decrease  in  length  anteriorly.  There  is  a 
lateral  spine  at  the  origin  of  the  postero- lateral  spine,  from  this  point 
to  a  point  opposite  to  the  groove  between  the  middle  and  anterior  dor- 
sal furrow  10  spines  may  more  or  less  distinctly  be  discerned. 

The  general  curvature  of  the  head  is  semi-circular  from  side  to  side, 
the  convexity  from  the  anterior  portion  to  the  posterior  of  the  head 
being  far  less,  although  the  exact  amount  can  not  be  determined  on 
account  of  the  imperfect  preservation  of  the  middle  and  anterior  por- 
tions of  the  glabella. 

Surface,  wherever  preserved,  distinctly  pustulose. 

Probable  length  of  glabella,  14  mm.;  breadth  of  the  same,  19  mm.; 
height  of  the  middle  part  of  the  occipital  margin  above  its  lateral  ex- 
tremities, 5  mm.;  length  of  the  lateral  spines,  2.5  mm.;  length  of  the 
j)ostero-lateral  spine,  7  mm.  Height  of  the  preserved  part  of  the 
glabella  above  the  margins  of  the  head,  lo-ii  mm.  Probable  width 
of  the  entire  head,  25  mm. 

Locality  afid  position.  John  Hrown's  Quarry,  New  Carlisle,  Ohio, 
from  the  collection  of  the  Ohio  State  University,  kindly  loaned  by  Prof 
Hdward  Orton. 

GENUS  BATHYURUS,   Billings. 
II.     Bathyurus . 

{Plate  XIV,   Fig,   5.) 

Only  a  single  fragment  known,  whose  relation  to  this  genus  is  rather 
conjectural. 

(Glabella  conical,  convex,  distinctly  defined  anteriorly  and  laterally 
by  a  continuous  quite  deep  furrow.  Posteriorly  a  small  oval,  almost 
triangular  tubercle  is  inserted  between  the  occipital  furrow  and  both 
of  the  postero-lateral  extremities  of  the  glabella  ;  owing  to  these  tubercles 
the  outline  of  this  portion  of  the  head  (the  regions  of  the  glabella) 
seems  to  broaden  at  their  insertion  and  then  to  contract  suddenly  be- 
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hind  them,  meeting  the  occipital  furrow  at  a  considerable  angle,  within 
a  line  directly  behind  the  postero-lateral  extremities  of  the  glabella 
proper.  Dorsal  furrow  well  defined,  running  behind  the  tubercles, 
forward  to  a  point  almost  even  with  the  anterior  margin  of  the  tubercle, 
then  back  again  on  the  other  side.  Posterior  margin  of  the  regions 
of  the  glabella  an  almost  straight  line  running  just  behind  the  posterior 
ends  of  the  tubercles.  Glabella  proper  indistinctly  marked  by 
faint  grooves.  One  of  these  grooves  cuts  off  from  the  postero-lateral 
extremities  of  the  glabella,  parts  somewhat  larger  than  the  tubercles. 
A  second  groove  (also  directed  obliquely  forward,  but  at  a  smaller 
angle)  is  placed  a  little  anterior  to  the  middle  of  the  glabella,  and  ex- 
tends about  one  third  of  the  distance  across  the  glabella.  Anterior 
to  this  are  one  or  two  additional  grooves,  more  faint,  and  also  directed 
obliquely  forwards,  at  a  slightly  greater  angle  than  the  last.  All  of 
these  grooves  are  visible  only  after  careful  examination. 

The  anterior  margin  of  the  head  curves  quite  rapidly  downwards, 
so  that  the  general  shape  of  the  preserved  parts  of  the  head  is  even 
more  convex  anteriorly  than  laterally  or  posteriorly.  Anterior  mar- 
gin separated  from  the  rim  by  a  sort  of  furrow,  from  which  the  narrow 
rim  rises  up  at  an  angle  of  about  45  degrees.  The  rim  lies  in  a  broad 
curve,  passing  within  a  short  distance  of  the  groove  defining  the  ante- 
rior portion  of  the  glabella.  The  facial  sutures  begin  at  the  rim  on  a 
line  about  even  with  tlie  lateral  margins  of  the  tubercles,  thence  ex- 
tending inwards  with  a  slow  curvature,  approaching  within  a  very  short 
distance  of  glabella  i)ehind  its  middle,  and  then  apparently  extending 
outwards  where  the  outline  is  lost  from  want  of  preservation  of  the 
fossil.  The  antero-lateral  extremities  of  the  margin  are  therefore 
almost  rec^tangularly  pointed. 

Length  of  the  glabella  to  the  occipital  furrow,  7  mm.;  to  the  pos- 
terior margin,  8.2  mm.;  from  the  posterior  margin  to  the  anterior  rim. 
10  mm.  Breadth  of  the  glabella  at  its  middle,  6.2  mm.;  at  its  poste- 
rior, 6.9  mm.;  across  the  tubercles,  7.4  mm.  Distance  between  the 
tubercles,  4  mm.        Length  of  the  anterior  rim,  about  7.8  mm. 

Locality  and  position.     Soldiers'  Home  Quarry,  Clinton  Group. 

GENUS  ILL^-ENUvS,  Dalman. 

in.      liJ..i^Nrs  Davtonensis,   Hall  and  Whitfield. 

{Plate  XIV,  Fi^s.  4  a,  b:  Fig.  6;  Figs.  7  a,  b,  c.) 
vSpecies  described  by  Hall  and  Whitfield  in  Ohio  Pal.  Vol.  11. 
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ihteks  one-third  as  wide  as  the  ajiace  between  the  dorsal 
furrows.  Palpebral  lobes  not  coming  to  as  sharp  a  point  as  figured 
in  the  Ohio  report,  but  apparently  a  little  rounded  at  their  ends. 
Postcro-lateral  limb  of  the  glabella  beginning  with  a  small  groove  at  the 
base  of  Ihe  dorsal  furrow  wl^ich  gradually  widens  towards  the  suture 
line,  where  it  extends  from  the  palpebral  lobe  to  the  occipital  margin. 
Posterior  portion  of  the  facial  suture  cur^-es  outward  from  the  posterior 
of  the  palpebral  lobe,  cutting  the  occipital  margin  at,  or  slightly 
beyond  a  line  vertical  to  it  and  drawn  from  the  most  prominent  part  of 
the  paljieliral  lobe. 

Anterior  margin  of  the  pygidium  trilobate,  the  middle  lobe  project- 
ing a  tittle,  the  lateral  ones  slightly  curved  at  first,  almost  straight, 
then  bending  strongly  and  obliquely  backwards,  more  or  less  angular 
at  this  point;  then  u  ng  a  o  nd  and  after  a  slightly  angular  deflec- 
tion coalescing  »  h  he  i  e  al  margin.  .\ntero-lateral  angles  never 
so  prominent  as  ho  e  fi^  ed  n  the  Ohio  Report,  although  somewhat 
approaching  them   n  th     fea 

Movable  cheeks  mall  g  eateat  elevation  at  thp  upper  posterior 
margin,  making  a  large  sweepmg  curve  as  it  passes  from  the  posterior 
(o  the  lower  or  lateral  margin.  The  facial  suture  before  the  eye  mak- 
ing an  angle  of  30  degrees  with  the  lateral  line.  Since  this  suture 
line  agrees  with  the  lorrespondmg  pan  of  the  glaliella,  these  separated 
cheeks  have  been  referred  here 

Glabellac,  pygidia,  and  movable  cheeks  so  far  not  found  in  con- 
nection. The  association  of  the  glabellae  and  pygidia  may  be  con- 
sidered certain  from  their  relative  frec[uency  and  similarity  to  nearly 
related  species.  The  cheeks  are  more  conjectural  in  their  relationship, 
although  tolerably  certain  from  their  form. 

Smallest  glabella,  9x11  mm,  One  of  larger  size,  40  mm  broad  at 
the  palpebral  lobes,  30  mm.  long,  13  mm.  high.  Smallest  pygidium, 
4KS  mm.  One  of  larger  size,  34  ram.  broad.  25  mm.  long,  5  mm. 
high.  Movable  cheeks  7-8  mm.  broad,  12  mm.  long  to  the  point 
vhere  it  disappears  beneath  the  glabella.  Eyes  two  mm.  long  in  the 
small  specimens  found. 

LtKulily  and  position.  Soldiers'  Home,  Fair  Haven,  Preble  county, 
Clinton  Group,  abundant. 
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IV.    Illanus  Madisonianus, 

{jnaie  XIV,  F^.  i  a,  b;  Figs,  z  a,  b.) 

Pygidium  paraboloid  in  outline,  its  anterior  margin  arching  slrongiy 
forward  in  the  middle,  and  its  surface  vei^  convex.  Lateral  margin 
spreading,  forming  a  broad  shaUbw  furrow  around  the  sides  and  beUnd, 
just  within  the  edge;  anteriorly  this  furrow  extends  up  die  artkulatiiq; 
slope  or  facett  of  the  pygidium,.  leaving  it  at  about  half  the  distance 
from  the  top  of  the  anterior  margin.  Anterior  margin  widi  a  rounded 
imgrooved  edge,  its  corners  just  without  the  lateral  furrows  deflected 
downwards  and  forwards.  A  narrow  faint  ridge  running  from  the 
posterior  edge,  half  way  up  the  pygidium.  Entire  surfiu^  mtnuldijr 
punctate  with  small  pit?  .  i  mm.  in  diameter,  these  interqparsed  with 
others  of  still  smaller  size. 

Length,  30  mm.;  breadth,  38  mm.;  height  14  mm.;  extension  of  the 
anterior  margin  forward  beyond  a  line  connecting  the  antorcMaleral 
extremities,  9  mm.  At  the  middle  of  this  line  is  found  the  greatest 
elevation  of  the  pygidium. 

Our  specimen  is  less  abrupt  at  the  sides  than  the  one  %ured  by 
Whitfield  and  has  a  smaller  elevation  along  its  posterior  portion,  but 
the  general  characters  agree  very  closely  with  the  published  description 
and  figures  of  the  original.  The  recurved  spreading  margin  seems  to 
distinguish  it  from  /.  insignis  of  Hall,  the  nearest  related  species. 

Locality  and  position,     Clinton  Group,  Huffman's  Quarry. 

Another  individual  from  the  Soldiers'  Home  Quarries  is  propor- 
tionately broader,  more  depressed,  less  extended  anteriorly,  and  pro- 
vided at  the  anterior  margin  with  a  groove.  Otherwise  it  agrees 
closely  with  the  above  form. 

V.     Ill/knus  ambiguus,  sp.  n. 

{Plate  XIV,  Figs.  9  a,  b;  Figs.  10  a,  b,  c;  Fig.  11.) 

Glabella  regularly  arcuate  from  front  to  base ;  anterior  border  with 
the  margin  neatly  rounded.  Occipital  furrow  well  defined,  with  a 
faint  upward  extension  at  its  middle,  barely  visible,  within  which  is  a 
minute  granule,  which  can  readily  be  recognized  on  wetting  the  speci- 
mens. Extending  towards  the  anterior  margin  from  this  part  is  an 
indistinct  ridge,  which  can  be  recognized  only  with  difficulty,  except 
in  an  occasional  specimen  where  it  may  become  moderately  distinct. 


This  corresponds  lo  a  much  more  evident  (although  narrow)  ridge,  on 
the  pygidi urn  associated  with  these  glabellae.  In  the  occipital  furrow 
at  about  two-ihirds  the  distance  of  its  posterolateral  margin  from  the 
granule  is  a  deep,  very  distinct  pit  becoming  shallow  in  older 
specimens. 

From  this  the  dorsal  furrow  extends  inwards  as  a  deep  groove 
forming  a  broad,  oval  depression  opposite  the  palpebral  lobe,  thence  it 
extends  as  a  shallow  groove,  rapidly  becoming  indistinct,  in  an  out- 
ward direction,  terminating  in  a  small  pit,  which  can  be  easily  recog- 
nited  even  in  specimens  which  do  not  show  the  connecting  part  of  the 
groove  distinctly,  as  is  usually  the  case.  'I'his  pit  contains  a  minute 
granule.  It  is  situated  at  two-thirds  the  distance  of  the  anterior 
margin  from  the  palpebral  lobe.  Half  way  between  this  pit  and  the 
anterior  margin  is  a  minute  granule,  easily  visible  on  wetting  the  .speci- 
men. Widest  part  of  the  glaliella  lies  lietween  the  palpebral  lobes, 
anterior  to  which  it  becomes  narrower  and  again  widens  reaching 
almost  the  same  width  at  a  point  just  behind  the  junction  of  the  facial 
suture  with  the  anterior  margin.  Facial  suture  extending  from  the 
edge  with  a  distinct  outward  curvature  to  a  point  opposite  the  terminal 
pit  of  the  dorsal  furrow  where  it  makes  a  rapid  curve  inwards  to  its 
junction  with  the  anterior  margin,  in  which  the  facial  suture  seems  to 
terminate  without  any  break.  Palpebral  lobe  rounded.  Facial  suture 
behind  the  palpebral  lobe  starts  from  the  posterior  incurved  extremity 
of  each  eye,  and  curves  rapidly  outward,  cutting  the  margin  directly 
behind  or  a  slight  distance  beyond  a  vertical  line  drawn  from  the  most 
prominent  part  of  the  palpebral  lobe  to  the  occipital  line.  Greatest 
elevation  of  the  glabella  lies  between  the  palpebral  lobes, 

Pygidium  semi-circular  in  outline,  becoming  slightly  paraboloid  in 
larger  specimens,  with  a  narrow  more  or  less  strongly  marked  ridge. 
Ridge  extending  from  the  posterior  margin  upwards,  usually  not 
reaching  the  middle  of  the  pygidium.  It  can  always  be  recognized. 
Along  the  anterior  margin  lies  a  groove,  which  is  somewhat  straight 
along  its  middle  third,  a  small  inward  curvature  near  the  middle,  being 
very  slight,  aids  in  this  appearance.  At  either  side  the  groove  makes 
a  short  curve  inwards,  and  then  outwards,  approaching  the  lateral 
margin,  along  which  it  extends  for  a  short  distance,  rapidly  becoming 
obsolete.  The  deflection  of  the  anterolateral  border  causes  a  raised, 
ridge-like  eminence  to  remain  between  it  and  the  antero-lateral  portion 
^ibe  marginal  groove.       Pygidium  flaltish  alon;^  the  upper  anterior 
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surface ;  greatest  elevation  at  one-third  the  distance  from  the  posterior 
margin,  from  this  point  rapidly  curving  downwards  to  the  posterior 
margin,  less  rapidly  towards  the  side  and  anterior  portion. 

Movable  cheeks  broadest  at  the  posterior  end  of  the  eyes,  with  a 
deep-rounded  furrow  around  the  base  of  the  eye.  In  large  specimens 
rounded  above.  The  facial  suture  inclining  at  an  angle  of  sixty 
degrees  to  the  lateral  margin  in  front  and  meeting  it  at  an  angle  behind 
which  might  be  called  a  right  angle,  with  the  vertex  rounded.  It  has 
also  quite  a  sharp  edge  along  its  posterior  margin,  where  the  cheek 
makes  a  curve  beneath  the  glabella.  Since  the  angle  made  by  the  fa- 
cial suture  anterior  to  the  eye  corresponds  to  that  made  by  the  suture 
anterior  to  the  palpebral  lobe  in  the  glabella,  the  cheeks  are  associated 
with  this  species.  Eyes  placed  almost  parallel  with  the  upper  part 
of  the  movable  cheeks,  lunate,  forming  about  one-third  of  a  circle. 
Lenses  minute,  about  17  to  a  millimeter.  In  the  specimen  examined 
they  were  only  fairly  preserved  but  there  were  about  20  in  the  vertical 
rows  and  perhaps  125  in  the  horizontal  ones. 

Glabellae,  pygidia  and  movable  cheeks  so  far  not  found  in  connec- 
tion. The  association  of  the  glabellae  and  pygidia  may  be  considered 
tolerably  certain  from  the  great  abundance  of  both  as  compared  with 
those  of  /.  DaytonensiSy  the  only  other  species  found  here  in  abundance. 
The  association  of  the  movable  ( heeks  with  these  forms  is  more  con- 
jectural. 

Smallest  glabella,  8x10  mm.  Ordinary  sized  specimen,  38  mm. 
broad  across  the  palpebral  lobes;  35  mm.  across  the  anterior  pits  of  the 
dorsal  furrows.  Direct  length  of  glabella  from  anterior  to  occipital 
margins,  23  mm.;  from  anterior  margin  to  a  line  drawn  from  the  occipital 
margin  perpendicular  to  the  plane  of  the  lateral  margin,  20  mm.;  height, 
14  mm.  A  few  large  forms  have  been  found  which  I  refer  to  this 
species.  The  largest  and  most  perfect  of  these  is  in  the  collection  of 
Ira  Crawford.  It  measures  60  mm.  across  the  palpebral  lobes  and 
54  mm.  in  a  direct  line  from  the  anterior  to  the  occipital  margin  ; 
height,  30  mm.  Smallest  pygidium  10x13  ""^r^"*-  Ordinary  sized  speci- 
men, 29  mm.  broad  at  the  antero-lateral  margins;  24  mm.  from  pos- 
terior to  articulating  margin  ;  8  mm.  high.  A  single  large  pygidium 
referred  here  measures  52  mm.  in  width;  44  mm.  in  length;  16  mm. 
in  height.  Movable  cheeks,  large  specimen,  length,  31  mm.; 
breadth,  20  mm.;  length  of  eye,  7  mm.  Smaller  specimens 'propor- 
tionate. 
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Usually  in  the  form  of  casts,  surface  where  preserved  a|iparently 
striated  conceniricaliy,  at  least  around  the  edges,  and  dotted  with  small, 
shallow  pits. 

Locality  and  position.  Soldiers"  Home  and  vicinity.  Clinton  Group. 
Abundant. 


^ 
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(Piatt  XITI,  Fig.  24  ) 


Portions  only  of  the  head  found,  as  fragments :  the  figure  partly  a 
restoration  efTected  by  a  comparison  of  numerous  fragmentary  speci- 
mens, A  fuller  description  will  be  given  in  the  next  paper  if  belter 
maEenal  be  found. 

Glabella  more  prominent  than  the  cheeks,  very  strongly  defined 
from  them  by  a  deep,  flat,  longitudinal  depression,  which  extends  from 
the  lip  of  the  middle  lateral  lobe  forward,  forming  an  almost  straight 
line  along  the  line  of  separation  from  the  fixed  cheek,  and  terminating 
near  the  anterior  end  of  the  glabella,  the  side  towards  the  fixed  cheek 
being  somewhat  pointed.  \  similar  depression  behind  the  middle 
lateral  loljes  separates  the  posterior  lobes  from  the  surrounding  portions 
of  the  head,  its  curvature  being  about  that  of  the  margins  of  the  pos- 
border  of  the  bead  is  broad  anAJlat,  and 
3  arching  along  the  middle  as  in  specimens  of 
The  anterior  rim  of  this  border  has  a  slow 
e  like  a  straight  line  in  some  specimens  than 
nted  with.  In  other  specimens,  however, 
■im.  The  fa- 
small  distance 

become  almost  parallel  to  each  other  as  far  as  the  eyes  ( which  I  now 
t>elieve  are  incorrectly  indicated  in  the  drawing).  Occipital  furrow 
and  as  much  of  the  fixed  cheeks  as  is  preserved,  seem  similar  to  the 
corresponding  regions  of  C.  Nia^rtnsis. 

Measurements  are  not  given,  on  account  of  the  unsatisfactory  con- 
diUoD  of  the  specimens.  The  figure  is  based  upon  a  specimen  pre- 
serving the  glabella,  anterior  border  and  portions  of  the  fixed  cheeks, 
(ail  of  the  cheek  anterior  to  the  middle  lateral  lobe  on  one  side  of  the 
glabella.)  The  rest  of  the  figure  is  the  result  of  comparison.  The 
description  is  given  mainly  to  note  the  existence  of  a  form  which  has 


terior  lobes. 

directed  upwards,  wi 

Cafymeiu  JViagarensii 

curvature,  appearing 

any  species  1  am  acquainted  with. 

there  is  a  somewhat  greater  curvature  to  ih 

cial  sutures  beginning  with  a  slight  outward 


General  form  broadly  oblong. 

Cephalic  shield  short  and  broad,  the  widlh  twice  as  gre.it  as  ihe 
I  length.  Glabella  ritiite  prominent,  projecting  above  the  rest  of  the 
.liead;  itsgeneral  form,  including  the  lateral  lobes,  conical,  widesiacro» 
Lthe  posterior  lobes,  the  width  at  this  point  slightly  more  than  its  length 
L  excluding  the  occipital  ring,  and  only  four-fifths  its  length  including 
I  the  same.  Glabella  supplied  with  three  ninre  or  less  distinct  lobes 
I  laterally,  the  posterior  lobes  large  and  prominent,  etjual  in  elevation  to 
'  the  glabella  between  ihcin.  although  they  seem  to  rise  above  it,  on  ac- 
its  downward  slope  posteriorly;  the  middle  pair  nf  Inbes 
about  half  their  size,  the  anterior  pair  small,  indistinct.  The  middle 
and  posterior  pairs  of  lobes  separated  from  themselves  by  deep  grooves, 
from  the  glabella  by  grooves  becoming  shallow  at  the  point  of  union 
of  the  lobes  with  the  glabella,  and  from  the  cheeks  by  grooves  of  less 
depth,  becoming  shallow  at  the  middle  lol^e;  a  slight  groove  anterior 
to  the  occipital  furrow  connects  the  deepened  grooves  extending  along 
the  anterior  edge  of  the  posterior  lobes.  The  anterior  part  of  the 
glabella  quite  regularly  rounded.  The  curvature  of  the  glabella 
towards  each  side  much  larger  than  along  its  length,  the  latter  being 
almost  regular  along  the  middle  of  the  glabella.  Occipital  furrow 
very  distinct,  arched  forward  along  the  centre,  curving  forward  also 
at  each  side,  around  the  ])osterior  lobe  ;  the  posterior  edge  following 
about  the  direction  of  the  occipital  furrow.  Anterior  border  of  the 
head  forming  a  broad  and  even  curve  about  the  head,  the  border /«»>■ 
fy  broad,  flat,  turned  a  little  upward,  not  arched  in  the  middle,  somewhat 
like  the  species  last  described.  Facial  suture  beginning  with  a  slight 
outward  curvature  at  its  very  origin,  then  a  gradual  inward  curvature 
as  far  as  the  eye,  then  it  curves  around  the  eye,  and  posteriorly  to  it 
takes  an  almost  lateral  direction  as  far  as  the  edge  of  the  ele- 
vated  regions  oi  the    head,    along  this   edge    it   is   directed   to   the 


poswro-laieral  edge  of  che  head.  Palpebral  lobe  fairly  prom- 
inent. Fix«l  cheeks  provided  with  a  very  deep  and  broad  fur- 
row close  lo  the  posterior  margin,  following  its  direction.  Movable 
cheeks  with  thick,  rounded  lateral  margins,  defined  by  a  distinct, 
rounded,  lateral  furrow,  above  which  the  remaining  portion  of  the 
cheek  is  decidedly  elevated.  The  lurvature  of  the  anterior  and  lat- 
eral margins  of  the  head  is  quite  regular,  with  the  exception  of  a  slight 
more  or  less  evident  inward  curvature  just  behind  the  origin  of  the  fa- 
Thorax  not  entirely  preserved,  the  number  of  articulations  not 
known.  Central  lobe  of  the  articulilions  elevated  above  the  lateral 
lobes,  more  arched  than  the  lateral  lobes,  separated  from  ihem  by  a  dis- 
tinct longitudinal  furrow.  .Segment  ul  the  middle  lobe  arched  forward 
along  the  middle,  also  bent  a  little  forward  at  the  sides,  where  they 
show  a  low,  nodal  thickeninj;.  The  grooves  separating  the  segments 
deeper  at  the  sides,  leaving  a  sort  of  axis  along  the  centre  of  the  middle 
lotie.  The  articulations  of  the  lateral  lobes  extend  laterally  for  a  short 
distance  and  then  are  deflected  posteriorly  to  their  ends.  A  longitudi- 
nal furrow  extends  along  each  articulation  dividing  oflf  its  anterior  part 
by  a  deeper  and  broader  furrow  than  thai  which  separates  the  articu- 
lations from  each  other. 

Width  of  the  head,  about  64  mm.;  length,  30  mm.  Width  of  the 
glat>ella  across  the  posterior  lobes,  zi  mm.;  length,  not  including  the 
neck  segment,  15  mm.;  including  the  same,  14  mm.  Distance  be- 
tween the  points  of  union  of  the  facial  sutures  and  the  lateral  margins, 
ig  mm.;  forward  extension  of  the  anterior  border,  6.5  mm.  Proba- 
ble length  of  the  entire  specimen,  105  mm. 

Locality  and  position  Allen's  Quarry.  Clinton  Group,  in  the  up- 
per shaly  course.  The  specimen  crumbled  jiartially  away  on  re- 
moval. 

Fragments  of  glabellae  and  surrounding  portions  belonging  to  this 
i[iedes  are  found  at  the  Soldiers'  Home  Quarries,  also  near  the  top  of 
the  group,  in  the  upper  shaly  courses.  Associ.iied  with  these  are 
pygidia.  which  seem  to  belong  to  this  species,  the  cunnection  is,  how- 
ever, rather  conjectural  than  otherwise. 

Pygidium  wider  than  long,  the  posterior  edge  m:iking  a  very  broad 
nirve,  almost  straight  along  the  middle.  The  anterior  and  lateral 
nurjlns  as  far  as  pre.served  having  an  almost  semicircular  outline. 
Middk  lobe  rapidly  tapering  posteriorly,  segments  about  eight,  the  tip 
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of  the  lobe  (for  an  extent  ccMrresponding  to  about  two  tegments)  not 
divided,  rounded  posterioriy,  the  segments  nearest  the  thorax  similar 
to  the  segments  ther^  found.  The  more  posterior  8q;ments  have  their 
ends  curved  decidedly  backward,  so  as  to  follow  die  general  semi- 
circular arrangement  of  the  articulations  of  the  lateral  lobes.  Lateral 
lobes  divided  from  the  mesial  lobe  by  a  distinct,  quite  deep  furrow, 
broadening  posteriorly.  Articulations  about  six.  The  anterior 
articulations  tx>gether  with  the  segments. of  the  mesial  lobe  formtiq;  a 
semi-circular  cuirve.  The  posterior  articulations  become  less  curved 
and  take  a  more  decidedly  backward  direction.  The  last  pair  of  ar- 
ticulations in  this  way  become  almost  parallel  to  cme  another  and 
t(^ether  with  the  posterior  edge  of  the  pygidium  fimn  E'Sort  <tf  box 
into  which  the  unsegmented  portion  of  the  mesial  .lobe  liters  from 
above.  The  articulations  of  the  lateral  lobes  are  Auxowed  above 
along  the  middle,  the  furrows  extending  almost  to  the  edge  i^  the 
pygidium. 

Surfisu:e  of  the  pygidia,  and  the  head  and  thorax  described  above, 
finely  granulated. 

Width  of  pygidium,  37  mm.;  length,  25  mm.;  widdicrf'die  anterior  end 
of  the  mesial  lobe,  15  mm.;  width  at  the  beginning  of  the  unseg- 
mented posterior  portion,  6  mm. 

Locality  and  position.  Allen's  and  Soldiers'  Home  Quarries,  in  the 
upper,  shaly  courses  of  the  Clinton  Group. 

GENUS  LICHAS,  Dalman. 

VIII.       LiCHAS  BREVICEPS,  Hall. 

{Phite  XIII,  Figs.  26  a,  b,  c,  d.) 

Glabella  (Fig.  26  b)  of  one  specimen  convex.  The  middle  lobe 
rounded  in  front,  on  each  side  suddenly  and  deeply  incurved  by  the  in- 
.  troduction  of  two  lateral  lobes,  the  sides  almost  parallel  for  a  short 
distance  posteriorly,  then  curving  for  a  short  distance  outwards  so  as  to 
meet  the  occipital  furrow ;  at  the  point  where  the  last  curvature  begins 
the  posterior  part  of  the  lobe  is  2.5  mm.  broad,  along  the  occipital  fur- 
row, 5  mm.;  the  width  of  the  lobe  is  exactly  equal  to  its  length. 
Lateral  lobes  sul>reniform,  almost  twice  as  long  as  wide,  separated 
from  the  middle  lobe  by  sharp  grooves  evenly  curved  except  at  the 
posterior  end  where  the  expansion  of  the  posterior  end  of  the  middle 
lobe  causes  a  slight  irregularity  of  curvature;  anteriorly,  the  lateral 
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a  of  the  lateral  lobes  continue  the  turvaturc  of  the  anterior  edge 
of  the  middle  lobe,  then  they  make  a  slow  broad  inward  curvatnre,  the 
posterior  edge  of  ihe  lobes  being  hounded  by  a  groove  toniiniiiiig  that 
part  of  the  occipital  furrow  extending  beneath  the  middle  lobe. 
Within  ihe  inward  curve  of  each  reniform  lateral  lobe  lies  another 
lobe  which  I  shall  here  i:all  the  postem-latcral  lobe,  Postero-lateral 
lobe  scfjarated  from  the  lateral  lobe  by  a  sharp  groove,  its  posterior 
edge  is  defined  by  a  continuation  of  the  groove  behind  the  lateral 
lobes,  directed  a  little  backwards,  Jio we ver ;  from  the  palpebral  lobe  it 
is  separated  by  a  distinct  groove  curved  outward  and  then  inward,  the 
curve  disposed  to  be  angular  at  its  middle.  Palpebral  lobe  preserved 
only  anteriorly,  its  outer  lateral  edge  elevated  above  the  inner,  the 
whole  palpebral  lobe  having  evidently  been  elevated  along  its  outer 
surface.  Postcro-iateral  tubercles  transversely  oblong  lanceolate,  in- 
serted beneath  the  lateral  and  postero-lateral  lobes,  i>osteriorly  they  are 
bounded  by  Uie  occipital  furr..w  which  bends  somewhat  backwards 
from  the  postero-lateral  edges  of  the  middle  lobe  so  as  to  define 
the  edges  of  the  tubercles.  The  posterior  edge  of  the  neck  segment 
has  a  very  slight  forward  curvature  low'ards  the  middle.  Anterior 
margin  of  the  head  narrow.       Surface  irregularly  puslulose. 

Width  across  the  widest  pari  of  the  middle  lobes,  8.6  mm.;  across 
the  lateral  lobes,  9.5  mm.;  across  the  jxaslero-lateral  lobes,  11.5  mm.; 
across  the  postero-lateral  tubercles,  8  mm.  Distance  between  the 
tubercles,  4  mm.  Length  of  the  middle  lobe.  8.6;  including  the  neck 
segment.  10  ratn.       Stol/s  ijuarry. 

-•Vnothcr  glabella  shows  only  middle,  lateral,  postero-lateral  and 
palpebral  lol>es,  with  only  a  little  of  the  neck  segment  nearest  to  the 
occipital  lobe.  It  agrees  with  theforegoing  specimen  in  all  particulars 
as  far  as  can  be  seen,  except  in  the  existence  of  a  low  groove  across  the 
posterior  end  of  the  middle  lobe  where  it  begins  to  take  an  outward 
curvature.  This  groove  is  parallel  with  the  occipital  furrow  just 
behind  it.  The  palpebral  lobe  is  also  better  preserved  and  shows  a 
regularly  rounded  outer  edge,  the  surface  elevated  along  the  outer 
margin.  Surfaceof  the  glabella  irregularly  pustulose.  John  Brown's 
Quarry,,'  New  (Carlisle.     Specimen  almost  twice  the  size  of  the  last. 

A  third  specimen  (Fig.  j6  a)  differs  widely  from  the  two  above  in 
some  things.  It  is  far  more  convex,  and  proportionately  wider. 
The  grooves  about  the  glabella  and  the  lobes  into  which  it  is  divided 
alho  differ  materially,    more  so  than  the  figure    Intimates,  but  a  fuller 
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description  will  be  deferred  until  more  and  better  material  is  at  hand 
for  accurate  description.     Stolz's  Quarry. 

Pygidium,   general  form  semi-elliptical,   quite  straight  along  the 
anterior  border,  rapidly  curved  at  its  antero-lateral  extremities.      Axial 
lobe  broad  and  strong,  very  prominent  in  the  anterior  part,  rapidly 
narrowing  and  becoming  low  in  the  middle,  and  again  widening  pos- 
teriorly, but  not  equaling  its  anterior  width ;  its  width  at  the  anterior 
margin  one  third  the  width  of  the  pygidium ;  one  distinct  anteribr 
annulation,  with  apparently  a  faint  vindication  of  a  second.       Lateral 
lobe  with  three  segments  on  each  side,  and  each  marked  by  a  <fistinct, 
longitudinal  furrow  along  its  middle.       At  their  posterior  ride  the  two* 
anterior  lobes  project  a  litde  beyond  the  margin  of  the  pypdium,  the 
rest  of  the  outiine  being  regularly  rounded.      The  two  anterior  seg- 
ments directed  backwards,  the  posterior  segment  bent  first  a  litde  out- 
ward then  backward,  filling  up  the  outiine  along  the  contracted  middle 
of  the  axial  lobe.     Under  the  exterior  crust  of  the  pygidium  are  a 
series  of  lamellose  striations  following  the  posterior  and  lateral  dudine 
of  the  pygidium  and  reaching  about  one-third  the  length  of  the  pygi- 
dium towards  the  centre.       Surface  pustulose  as  in  the  first  described 
glabella;  having  been  found  in  the  same  piece  of  rock,  it  is  supposed  to 
be  the  pygidium  of  this  species. 

Length  of  the  pygidium,  17  mm.;  width,  24  mm.  Width  of  the 
axial  lobe  anteriorly,  8  mm.;  along  the  contracted  portion,  4  mm.;  at 
its  greatest  expansion  posteriorly,  about  6.5  mm.  Stolz*s  Quarry. 
Other  pygidia  presenting  the  same  features  found  here. 

Locality  and  position.  Stolz's  Quarry,  both  glabeilae  and  pygidia ; 
John  Brown's  Quarry,  New  Carlisle,  a  glabella,  kindly  loaned  from 
the  collection  of  the  Ohio  State  University,  by  Prof.  Edward  Orton. 
Clinton  Group. 

(;enus  ARIONELLUS,  Harrande. 
IX.     Arionellts  . 


{Plate  XIV,  Fig,  3.) 

It  would  be  difficult  to  tell  why  the  species  here  described  should 
be  placed  under  the  generic  name  above  mentioned,  diflfering,  as  it.does. 


in  almost  every  im]joriaiH  chnrarterislic  ;  nevertheless  in  soTne  respects 
it  seemed  to  me  to  he  as  closely  related  lo  this  genus  as  to  any  other. 
and  until  further  study  may  lead  me  to  a  more  definite  result,  I  con- 
cluded to  leave  it  here. 

Glabella  very  convex  towards  the  anterior  margin,  which  is  rounded : 
less  convex  laierall)'  -.  separated  from  the  cheeks  by  almost  straight  fur- 
rows, converging  l>ehind  to  about  four  sevenths  the  width  of  ihc  gla- 
iKJta  at  its  broadest  pari.  At  about  half  the  length  of  the  glabella, 
on  each  side,  are  two  grooves.  The  middle  pair  are  broadly  crescent 
shaped,  the  points  directed  downward,  distant  from  one  another  about 
two  fifths  the  width  of  the  glaliella  at  that  point,  their  general  direction 
being  lateral ;  ihey  do  not  ijuiie  reach  the  lateral  margins,  however. 
From  the  ends  of  these,  a  second  pair  of  crescent  shaped  grooves  ex- 
tend forward  and  laterally,  reaching  the  furrows  which  define  the  later- 
al sides  of  the  glaliella.  The  second  pair  does  not  merge  into  the 
first  at  iheir  adjacent  extremities.  Behind  these  grooves  a  third  pair, 
distant  from  each  other  about  two  fifths  the  width  of  the  glabella  at 
that  point,  tut  off  about  one  third  of  the  lower  half  of  the  glabella; 
they  arc  directed  obliquely  backward.s.  at  an  angle  of  about  sixty  de- 
grees with  a  line  extending  lengthwise  along  the  glabella;  their  curva- 
ture is  first  a  little  backwards,  then  more  laterally,  then  a  little  back- 
wards again,  making  a  gracefully  undulated  curve  which  does  not  quite 
reach  the  lateral  margin  of  the  glabella;  a  fourth  pair  of  grooves,  cut- 
ting off  the  last  third  of  the  lower  half  of  the  glabella,  is  similar  to  this  pair. 
The  occipital  furrow  is  scarcely  preserved  but  seems  to  have  been  regu- 
larly cur%-ed,  the  middle  of  the  curve  being  directed  forward. 

Fixed  cheeks,  at  least  as  far  as  preserved,  highest  anteriorly,  where 
their  convexity  is  also  the  greatest.  The  front  margin  beginning  just 
behind  the  first  pair  of  grooves  on  the  glabella  is  curved  postero-later- 
ally,  then  backward  and  slightly  inward,  lastly,  again  postero- laterally 
to  the  postero- lateral  corner  of  the  cheek.  The  occipital  furrow  ex- 
tends laterally  along  the  pusterior  border  of  the  cheek  near  the  mar- 
pin  as  a  deep  furrow.       Surface  smooth. 

Length  of  the  glabella,  4.1  mm.;  width  at  the  broadest  pari,  4.1 
mm.;  at  the  narrowed  posterior  extremity.  1.4  mm.;  width  of  that 
part  of  the  head  included  between  the  postero-laieral  corners  of  the 
Hxed  cheeks,  5.4  mm.;  length  of  the  fixed  cheeks,  3.2  ram. 

Loeaiity  and fosititm.     Soldier**  Home  Quarry.  Clinton  Group. 
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GENUS  DAI.MANITES,   Emmrich. 
X.     DAr.MA! 

General  forntof  die  bmly  tlniigaie-ovale,  greatest  breadth  across  the 
posterior  part  of  the  cephalic  sKIlIiI. 

Head  convex,  semi-circular.  Iircadth  about  five-thirds  as  great  as 
die  length;  border  extended  in  front  into  a  semi -circular  process, 
which  varies  from  forms  in  which  it  in  scarcely  evident,  to  those  in 
which  it  equals  about  two-fifths  of  the  breadth  of  the  anterior  border 
in  its  projection  beyond  ihf  (-urve  of  the  border  itself,  never  as  disiinci 
as  in  J?.  vigHans;  base  about  one-fourth  as  broad  as  the  greatest  width 
of  die  glabella,  or  even  less  ;  lateral  borders  broad,  separated  from  the 
cheeks  by  a  distinct  groove,  [produced  posteriorly  into  rather  long  and 
slender  curving  spines,  which  continue  the  curvature  of  the  lateral 
borders  of  the  glabella. 

Glabella  large,  depressed  convex,  widening'in  front  to  almost  twice 
its  widdi  at  die  posterior  margin,  divided  into  lobes  by  three  pairs  of 
transverse  furrows  in  aSduion  to  the  occipital  furrow,  which  is  distinct 
and  continuous.  All  three  furrows  distinct  at  the  sides,  not 
extending  entirely  across  the  glabella  except  in  some  specimens  as 
a  faint  depression.  Anterior  furrows  deeper,  situated  a  little  anteri- 
or to  the  eyes,  giving  to  the  frontal  lobe  a  transversely  elliptical  out- 
line; occipital  ring  narrow,  without  a  spine  as  far  as  known.  Eyes 
very  prominent,  short  reniform,  containing  obout  thirty  five  vertical 
ranges  of  lenses,  the  middle  ranges  having  six  to  seven  each ;  palpe- 
bral lobe  depressed,  giving  great  prominence  to  the  rim  of  the  eyes. 
Cheeks  small,  anteriorly  quite  prominent,  posteriorly  marked  by  a 
deep,  bordering  groove,  the  continviation  of  the  occipital  furrow,  mar- 
gin flat. 

Thorax  with  the  axial  lobe  convex,  widest  at  the  sixth  segment,  its 
greatest  width  about  two-thirds  that  of  the  lateral  lobe,  or  a  little  lar- 
ger. The  articulations  curve  forward  a  little  near  the  middle  and  at 
their  junction  with  the  lateral  lobes;  articulations  of  the  lateral  lobes 
traversed  by  a  deep  longitudinal  furrow  extending  from  the  junction  of 
the  anterior  margin  with  the  axil  lobe,  backwards  along  the  anterior 
margin  of  the  articulation,  at  about  one  third  the  width  of  the  articu- 
lation, leaving  it  towards  the  extremities.  From  the  imperfect  preser- 
vation, the  exact  method  of  leaving  can  not  be  determined. 


Pygidium  broadly  ovate- iriangular,  the  lateral  borders  flattened,  axial 
lobe  regularly  tapering  posteriorly,  marked  liy  about  thirteen  annula- 
lions,  which  gradually  decrease  in  size  posieriorly  and  end  in  a  spinose 
elevation.  This spinose elevation  isoften  accompanied  by  an  upward 
deflection  of  the  border  posteriorly  and  terminates  in  a  minute  point  ai 
the  end  of  the  border.  Although  the  pygidia  are  very  abundant  no 
spinose  projection  beyond  the  border  has  so  far  been  observed.  An- 
tero-laiera]  margin  of  pygidium  rounded,  lateral  articulations 
about  ten  In  number,  all,  except  the  last  three,  grooved  like  the  ar- 
ticulations of  the  thorax,  becoming  indistinct  on  the  margin  of  the 
pygidium. 

Head  irregularly  pustulate  (pustules  small)  except  the  anterior  and 
lateral  borders  of  the  head,  which  are  minutely  granular.  Remain- 
der of  the  body  irregularly  pustulate,  pustules  small,  a  single  pustule 
slightly  larger  in  size  on  each  segment  of  the  axial  lobe  of  the  pygid- 
ium. inconspicuous. 

Small  specimen,  length  of  body,  about  25  mm.;  breadth,  16  mm.; 
length  of  head,  9  mm.,  breadth,  15  mm.  Head  (of  usual  propor- 
lionsj,  length,  12  mm.;  breadth,  so  mm,;  convexity,  4  mm.:  breadth 
of  anterior  lobe  of  the  glabella,  10  mm.;  of  the  posterior  lobe,  5^ 
mm.  Pygidium.  length,  17  mm.;  breadth,  22  mm.;  breadth  of 
axial  lolie  anteriorly.  6  mm. 

The  furrows  across  the  axial  lobe  are  much  mo 
sides  than  at  the  middle,  especially  in  the  pygidium. 
lobe  of  the  glabella  has  near  its  posterior  extremity  a  c 
pit,  which  seems  to  be  characteristic  of  this  species. 

Lotality  and poiition.     Soldiers'  Home  Quarries. 
{ Named  in  honor  of  Mr.  W.  B.  VVerthner,  who  was  present  at  the  firs 
discovery  of  this  species.      Abundant  in  some  localities,) 

vith  the  minute  forms  described  above   from  the 
n  marl,  the  following  will  be  of  interest: 

GENUS  0RTH0C?:RAS,    Breynius. 
Orthoceras  inceptum,  sp.  n. 
{Plate  Kill,  Figs,  i  a,  b,  c.) 
Shell  very  small  and  slender,  enlarging  from  below  upwards  gradu- 
ally, in  one  specimen  from  4  to  5  mm.  in  a  length  of  10  mm,,  in  others 
more  slowly.       Transverse  section  almost  circular,  one  diameter  slight- 
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\y  longer,  or  mire  elliptical ;  lengtfi  of  die  ouler  duunbtr  MC  deter- 
mined. Septa  concave— six  chambers  occupying  a  length  af  W  bub- 
in  the  specimen  above  mentioned.  Siphiincie  ecceatric,  imrrr  to 
the  centre  than  to  the  margin,  narrow  at  the  septa,  expanding  wtdmi 
the  chambers. 

Surface  apparently  not  preserved,  q)ecimen8  in  the  form  dT  ^vHbk 
There  are  indications  of  longitudinal  strie,  preserved  with  variow  de> 
grees  of  distinctness,  in  some  worn  specimens  looldng  Hke  ivwi  of 
small  pits.  Along  one  side  oi  the  diell,  nearest  the  poaition  oC  Ae 
siphuncle  is  a  narrow^  raised,  longitudinal  line,  hUeraUy  detead  by 
grooves  which  more  or  less  coalesce  anteri(Mrly  towards  the  aanuhnr  lii^ 
(septa),  and  dius  (Mroduce  interruptions  along  die  line.  The  diathicl- 
ness  of  diis  longitudinal  line  is  extremely  variable,  or  peihapa  is  dttf  Ki 
the  removal  of  some  of  the  sur&ce  matter,  because  some  <tf  the  bost 
preserved,  specimens  are  smooth,  whereas  those  which  ave  worn  aie  |pt 
to  present  these  features.     (Cf.  (9.  Dusm\  ffaO  mi  fVHU^kkL  ) 

Lo^Uiiy  and  position,  Beavertown  marl,  Qintm  Group.  A  speci- 
men  in  the  Ohio  State  collection,  from  Wilmingtxm,  Olyd,  I  refer  (o 
diis  species. 

Explanation  of  Plates. 
Plate  XI I L 

Fig,  I.  Orthoceras  inceptum^  //.  sp  :  a,  lateral  views;  b,  views  showing  the 
position  of  the  siphuncle  ;  c,  vertical  section  through  the  siphuncle. 

F^.   2.     Mt'ris/t'l/a  t4m^tta/af  Billings  (sp  );  a,  lateral  view;  b.  dorsal  valv*. 

Fig.  3.  Platyostoma  Niagarense,  Hall;  a,  b,  specimens  referred  to  ihe  Ohio 
forms  considered  identical  with  the  Indiana  species,  having  the  aspect  of  Hohpea. 

Fig.  4.      Ei(h7i*aldia  reticulata^  Hall:  a,  dorsal  valve  ;  b,  ventral  valve. 

Fig.  5.     Lepticna prolotigata,  n  sp.:  a.  ventral  valve;  b,  lateral  view,  outline. 

Fig.  6.     Zygospira  modesta^  Say  (sp  );  dorsal  valve. 

Fig.  7.  Orthis  biforata^  var.  lynx  (  Von  Bitch) ^  forma  rmersata;  ventral 
valve. 

Fig.  S.  Orthis  biforata^  var.  lynx  (  Von  Buch)^  forma  Daytcnunsis;  ventral 
valve. 

Fig.  9.     Atrypa  nodostriata^  Hall:  ventral  valve. 

Ftg.  10.  Orthis  hybrida,  Sim^crby:  a.  dorsal  valve  ;  b,  lateral  view,  drawn  for 
the  outline  only. 

Ftg.  II.  Orthis  clcganiula^  Dalnian:  a.  dorsal  view;  b,  lateral  view,  drawn 
for  the  outline  only. 

Ftg.   \2.     Orthis  Jlahclla^  Sojocrby:  a,  ventral  valve  ;  b,  dorsal  valve. 

F^.   13.     Orthis  Daytoncnsis^  m.  sp.:  a,  dorsal  valve  ;  b,  lateral  view,  drawn  for 
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outline  only  ;  c,  a  few  of  the  rmdiating  striae ;  d.  occasional  appearance  of  the  sur- 
face characters. 

Fig.  14.  Pterinea  brisa^  Hall;  a,  b,  views  of  different  left  valves  referred  to 
this  species  ;  b,  taken  from  a  cast. 

Fig.  15.  Orthis  fausttty  n.  sp  ;  a,  dorsal  valve;  b,  ventral  valve;  c.  lateral 
view  ;  d,  a  few  of  the  striae. 

Fig.  16.  Orihis faustiiy  //.  sp.;  a»  dorsal  valve  ;  b,  some  of  the  striae  of  the 
form  acutO'plicata . 

Fig.  17.  Orthis  elfgantula,  far.  panui.  //  lutr.;  a,  ventral  valve;  b,  lateral 
view  of  the  same. 

Fig.  18.  Bucmtia  cxigua,  n.  sp.;  a,  view  from  above  ;  b,  lateral  view,  the 
expansion  of  the  aperture  not  well  brought  out ;  c,  lateral  view  of  another  speci- 
men ;  d,  another  view  of  the  same. 

^^S'  19-  Bellerophon fiscclU^striatus.  n.  sp  ;  a,  lateral  view  ;  b,  c,  d,  views  of 
the  same ;  e,  a  part  of  the  carina,  with  a  few  of  the  nearest  striix;. 

Fig.  20.  Orthis  Daytomnsisy  n.  sp.;  a,  ventral  view;  b,  interior  view  of  the 
same. 

Fig  2\.  Orthis  Daytonensii^  n.  sp  ;  lateral  view  of  a  specimen  presenting 
lx>th  valves. 

Fig.   22.     Platyostoma  Niagannse,  Hall;  a,  lateral   view  ;  b,  view  from  above. 

Fig.   23 .     Acidaspis;  part  of  the  head . 

Fig.  24.      Calytfune;  part  of  the  head,  partially 'restored. 

Fig.  25.  Calymcne  Blumenbachii f  Rrongniart;  head  with  a  few  of  the 
thoracic  articulations  attached. 

Fii>.  26.  Lichas  hrci'ictpSy  Hall;  a.  glabella,  not  typical  ;  b,  typical  glabella 
of  Ohio  form  ;  c,  surface  of  the  latter,  variously  magnified  ;  d,  pygidium  ;  e,  gla- 
bella of  a  specimen  from  New  Carlisle. 

Plate   XIV. 

Fig.  I.  IlLtnus  MadisonianuSy  IVhilfield ;  a.  view  of  a  pygidium  from  above; 
b,  lateral  view  of  the  same. 

Fif*.  2.  IlltenHS ;  a,  view  of  pygidium  similar  in  some  respects  to  that  of 
/.   Matiisonianus  ;  b,  lateral  view  of  the  same. 

Fi^.  3.      Arionellus  f ;  view  of  the  glabella  antl  fixed  cheeks. 

Fig.  4.  IlliTnus  DaytonensiSy  Hall  and  Whitfield:  a,  view  ^^{  a  pygidium; 
b,  lateral  view  of  the  same. 

Fig.  5.  Bathyurus ;  view  of  a  glabella,  the  curvature  of  the  rim  of  the  an- 
terior border  not  represented. 

Fig.  6.  IlLcnus  DaytonensiSy  H.  ami  \V.:  movable  cheek,  view  obliquely 
from  below. 

Fi}^.  7.  Illienus  DaytotunsiSy  H.  ami  W.;  a,  lateral  view  of  a  head,  the  asso- 
ciated movable  cheek  figured  ;  b,  view  of  the  glabella  from  above  ;  c,  view  of  the 
same  from  behind. 

Fi^.  8.     Niicula  minima^  n.  sp,;  a,  view  of  the  anterior  regions ;  b,  lateral 
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view ;  c,  view  of  the  regions  posterior  to  the  beaks ;  all  views  magnified  six  diam- 
ters. 

Fig.  i).  IlUrnus  amdigmts^  n.  s/>.;  a,  view  of  a  pygidium  seen  from  above;  b, 
lateral  view  of  the  same. 

F^,  lO.  IlUcnus  ambigitm^  n.  sp  :  a,  lateral  view  of  a  head,  the  associated 
movable  cheek  figured  ;  b,  posterior  view  of  the  glabella ;  c,  view  of  the  same 
from  above. 

F/g.  II.  IlUenus  anthiguus^  n.  sp.;  movable  cheek  of  unusually  Urge  propcW' 
tions. 

Fig.  12.  Grammysia  Casivelli^  n.  sp.;  a,  lateral  view  of  ^he  shell,  anterior 
definition  too  sharp ;  b,  view  of  the  same  from  above. 

^^Sf  '3*  tripUsianus^  n.  sp.;  a,  view  of  one  of  the  valves;  b,  lat- 
eral view  of  the  same  shell. 

Fig.   1 4.     tripUsianus^  n.  sp.;  view  of  the  other  valve  from  a  diflferent 

specimen. 

Fig.   15.     Strophes  ty I  us  cyclostomttSf  Hall;  lateral  view  of  a  specimen. 

Fig.  16.  Trochotufna  minay  //.  sp.;  two  views,  magnified  to  etght-thiTdt  and 
four-thirds  of  the  original  size  respectively. 

Fig.  17.  Cir^rao/f^, /<.  j/.;  a,  lateral  views  of  specimens  showing  variatioM 
in  the  elevation  of  the  spire  ;  b,  view  of  the  umbilicus  of  a  specimen  ;  all  views 
magnified  two  diameters. 

Fig.  iS.  Raphistoma  affinisy  n.  sp  ;  view  from  above,  and  also  a  lateral  view, 
the  umbilicus  being  directed  upwards. 
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VII. 

A  COMPEND  OF  LABORATORY  MANIPULATION. 

It  is  the  design  of  the  series  of  papers,  of  which  this  is  the  first,  to 
present  in  concise  form  the  methods  of  investigation  which  have  proven 
themselves  of  greatest  service  in  the  laboratories  of  this  country  and 
Europe.  No  attempt  at  originality  or  completeness  is  made,  but  only 
such  methods  as  have  been  experimentally  proven  useful  will  be  admit- 
ted, while  free  use  will  be  made  of  the  modern  text-books  of  Fol  and 
Hussak. 

It  is  acknowledged  by  all  students  that  the  proper  method  of  re- 
search is  the  first  essential  to  the  prosecution  of  any  line  of  investiga- 
tion, and  it  is  often  stated  that  he  who  spends  but  half  the  time  allotted 
to  a  given  study  in  experimentally  learning  the  best  manipulation  to 
employ,  need  not  regret  the  time  so  spent. 

The  present  paper  deals  with  lithological  appliances  and  methods 
and  is  supplemented  by  a  condensed  translation  and  adaptation  of  Hus- 
sak's  **  Einleitung."  No  apology  is  necessary  for  reducing  the  for- 
mulas to  the  system  in  vogue  in  this  country  nor  for  giving  prominence 
to  the  subject  of  lithology,  in  view  of  its  rising  importance  and  increas- 
ing recognition. 

CHAPTER  I. 

Lithological  Manipulation. 

A.     Rock  Sections. 

In  no  department  of  geology  has  there  been  so  great  an  advance 
of  late  in  this  country  as  in  the  study  of  the  intimate  structure  of  rocks 
by  means  of  thin  sections.  The  science  of  lithology  is  rapidly 
evolving  from  a  chaotic  condition  and  assuming  the  similitude  of  a  sys- 
tem. Although  the  pursuit  of  this  study  has  been  confined  to  a  limit- 
ed circle  and  it  has  scarcely  appeared  in  our  literature,  much  may  b^ 
expected  in  the  near  luture. 
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The  impetus  given  years  ago  by  ZiHUk,  in  hb  *'  Mkiosccqpic  Fe- 
trography/'  has  slowly  beccnne  apparent  Hawes,  in  his  work  uptm 
New  Hampshire  lithology,  contributed  substantial  material  to  die  same 
science,  while  die  more  recent  reports  of  the  Wiaooosin  geological 
survey  afford  evidence  diat  die  work  is  going  cm.  Several  of  die 
State  geological  surveys  are  now  in  die  midst  of  investigations  m  diii 
direction  the  results  of  which  may  be  looked  fior  widi  great  interest 
The  United  States  surveys  are  not  behind  in  cultivatii^  the  pfomkiiig 
field. 

Great  as  is  the  pnmiise  (rf  research  in  this  direction,  we  are  equaSf 
interested  to  observe  that  the  introduction  of  the  new  mediod  of  stud^ 
of  rocks  is  to  a  degree  revolutioniang  the  study  of  geology.  Hie 
same  methods  which  have  so  gready  augmented  die  disciplinary  vdne 
of  biology  by  connecting  histological  and  laboraUny  practice  with  ill 
study,  are  introduced  into  the  coiuses  in  geology  ud  the  itadent  is 
taught  to  see  ^trtmgh^  as  well  as  to  look  at,  rocks  and  imnends. 

The  study  of  a  rock  or  minaral  involves,  first,  die  investigaticHi  ef 
the  origin,  age,  and  relations  of  the  rock,  which  invoke  reqpecdv^ 
the  sciences  of  geotechnical,  historical,  and  straitigrqdiical  geologjr; 
second,  the  study  of  the  rock  itself,  which  may  be  carried  on  by  means 
of  chemical  and  physical  tests.  Under  the  latter  head  come  crystal- 
lography and  physical  mineralogy.  The  chemical  examination  in- 
volves the  application  of  heat,  as  in  blow-pipe  analysis,  or  of  chemical 
reagents  in  the  wet  way. 

The  physical  examination  of  minerals  may  be  conducted  micro- 
scopically or  macroscopically,  depending  upon  the  employment  or  non- 
employment  of  aids  to  ordinary  vision.  Ordinary  physical  mineralo- 
gy is  occupied  with  such  of  the  optical  or  other  characters  of  minerals 
as  can  be  made  out  with  the  unassisted  eye. 

In  order  to  prepare  a  mineral  or  rock  for  microscopic  examination 
it  must,  in  most  cases,  be  reduced  to  a  transparent  condition  in  order 
that  it  may  be  studied  by  transmitted  light.  The  facts  which  can  be 
obtained  by  the  microscopic  examination  of  opaque  masses  in  reflected 
light,  are  few  and  unimportant. 

A  rock  may  be  reduced  to  a  powder  and  mounted  in  a  transparent 
medium  and  many  of  its  elements  detected  by  microscopic  examina- 
tion of  the  angles  and  surfaces  of  the  fragments.  In  this  way  parti- 
cles too  small  for  measurement  by  the  ordinary  goniometer  may  be  de- 
termined.     Such  of  the  resulting  particles  as  are  transparent  may 
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ipticalljr  examined,  though  there  are  many  opportunities  for  error. 
It  is  recommended  that  rocks  of  a  rather  finely  granular  structure  be 
examined  in  this  way  with  reference  also  to  the  specific  gravity.  A 
fragment  of  suitable  size  i.s  reduced  to  a  ]3owder,  the  fineness  of  which 
may  vary  with  the  she  of  [he  granular  elements  in  the  sample.  The 
powder  is  then  assorted  under  water  by  agiuiting  repeatedly  in  a  bottle 
and  hastily  pouring  off  the  fluid,  leaving  the  part  first  to  settle  and  re- 
peating the  process  as  often  as  any  separation  is  possible.  Denser 
fluids  (See  Hussak  .\nleitung,  p.  51,)  may  be  used  with  advan- 
tage in  some  cases.  By  mounting  different  parts  of  the  powder 
thus  sorted  separately  or  under  separate  covers  upon  a  single  glass 
slip,  interesting  qualitative  and  even  approximate  quantitative  results 
may  be  obtained. 

Comparatively  few  minerals  or  aggregates  a 
rent  to  permit  of  optical  examination  by  ti 
these,  as  mica,  gypsum,  calcite,  dolomite,  etc., 
without  other  preparation  in  any  way.  In  cat 
is  irregular  and  does  not  permit  the  breaking  a 
becomes  necessary  to  mount  the  irregular  fragments  in  a  highly  refrac- 
tive medium,  such  as  balsam,  between  glass  slips,  and  thus  to  elimi- 
nate as  far  as  pos.sible  the  dispersion  and  irregular  refraction.  Even 
then  the  results  are  often  unsatisfactory.  Sands  and  other  fragment- 
ary rocks  may  be  examined  by  the  following  method,  suggested  by 

The  powder  or  sand  is  mixed  with  about  ten  times  its  volume  of 
iinc  oxide,  then  silicate  of  potassium  is  stirred  in  till  the  whole  assumes 
the  consistency  of  a  stiff  broth.  This,  while  still  soft,  may  be  pressed 
into  a  mold,  formed  from  a  section  of  a  glass  tube  glued  to  a  slip. 
When  set,  the  resulting  cylinder  is  removed  and  fastened  to  a  slip  of 
thick  glass  and  ground  in  the  way  described  beyond  for  compact 
rocks. 

When  a  rock  or  mineral  is  not  transparent  and  does  not  admit  of 
breaking  into  sections  of  suitable  thinness  with  the  hammer,  it  becomes 
neccMary  to  cut  or  grind  a  section  of  sufficient  transparency  aitd  then 
mount  it  between  glass  in  Canada  balsam.  Before  beginning  this 
somewhat  tedious  process  the  student  should  provide  himself  with  the 
following  outfit :  ( 1 )  A  number  of  thick  squares  of  plate  glass  about 
one  half  inch  thick  and  two  inches  square,  these  being  ground  on  the 
edges  in  order  lo  avoid  cutting  the  fingers  ;  {2)  several  dozen  slips  of 
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thin  perfect  glass  for  mounting  the  secrions,  the  size  preferred  being 
45  by  25  mm.  and  is  furnished  by  any  dealer  in  microscopes;  (3)  a 
corresponding  number  of  covers  of  thin  glass,  square  in  shape  and 
large  enough  to  extend  nearly  across  the  slip;  (4)  ajar  of  balsam  nearly 
solid  or  of  the  consistency  of  honey  and  lumps  of  solid  balsam,  (the 
balsam  thould  be  in  a  wide-mouthed  bottle  covered  with  a  protecting 
shield  or  glass  stopper,  through  which  extends  a  dipping  rod);  (5)  sev- 
eral grades  of  emery  powder,  it  being  convenient  to  have  numbers  0, 
and  I,  and  emery  flour,  as  well  as  a  small  quantity  of  emery  slime. 
This  last  is  not  kept  by  ordinary  dealers  and  is  made  by  decanting  off 
the  finest  impalpable  powder  during  the  grinding  of  other  grades.      It 
may  be  secured  of  Julien,  of  New  York,  or  through  Bausch  &  I^mb, 
of  Rochester;  (6)  an  alcohol  or  gas  lamp ;  (7)  a  heating  table  or  tri- 
pod with  brass  plate,  for  heating  the  slides ;  (8)  a  number  of  spring 
clothes  pins,  with  the  lips  filed  flat,  to  hold  the  cover  glasses  while  the 
balsam  drys  ;  ( 9 )  a  bottle  of  solution  for  cleansing  the  glasses,  which 
is  prepared  from  sulphuric  acid  and  chromate  of  potash  ;  ( 10)  a  contri- 
vance of  some  sort  for  grinding  or  sectioning  the  rock.       The  simplest 
way  is,  after  breaking  as  thin  a  fragment  as  possible  from  an  unweathered 
sample,  to  grind  one  side  of  the  fragment  upon  a  smooth  iron  surface  with 
coarse  emery  and  water  until  a  plane  surface  is  secured  as  large  as  a  quar- 
ter or  larger.       The  surface  is  then  ground  with  emery  flour  upon  a  large, 
smooth   plate  of  glass,  after  which  a  i)olish  is  secured  by  long  rubbing 
on   a  second  ])late  with  emery   slime.       The  surface  thus  prepared  is 
glued   to  one  of  the  s([uares  of  plate  glass  with   balsam.       The   best 
results  are  secured  by  using   balsam  whi(  h   is  (juite  hard  but  not  yet 
brittle  ;  it  should  yield  to  the  nail  with  difficulty,  but  should  not  shiver 
into  fragments.        A  small  pie(  e  is  ])laced  on  the  cleaned  surface  of  the 
scjuare  and  set  on  the  brass  plate  of  the   tripod  over  the  flame  of  the 
lamp.       The   chip  of  rock   is  also  heated  at  the  same  time.        When 
the   balsam  has  become  thoroughly  fluid,  hut  before  bubbles  appear, 
the  section  is  pressed  fuMnly  down   ujK)n  the  balsam  and  as  much  of  it 
])ressed  out  as  possible.        Care  should  be  taken  that  no  bubbles  or  im- 
purities find  their  way  between  the  section  and  the  glass.        A   weight 
or  spring  may,  in  some  cases  be   necessary  to  i)revent  the  slightest  ele- 
vation  of  one  side  of  the  chip   from  the  glass  s([uare.       The  balsam 
will  set  very  ([uickly  and,  if  the   heating  has   been  slow  enough,  will 
have  become  tough— it  should  no  longer  yield  to  the  nail.        The  older 
lithologists  advise  the  use   of  soft  balsam,  which  is  heated  until  it  ac- 
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quires  ihe  proper  consistency  before  each  mounting,  in  a  spoon,  but 
there  are  many  objections  besides  the  tedious  process  involved.  When 
any  number  of  slides  are  to  be  made  there  is  economy  in  having  bal- 
sam of  the  proper  sort  at  hand  and  if  some  becomes  brittle  it  may  be 
melted  with  some  which  is  yet  too  fluid.  It  is  desirable  also  to  per- 
form the  same  part  of  the  process  with  a  number— «ay  a  dojen— sam- 
ples at  once,  as  it  saves  time  and  the  chances  of  accident  are  fewer, 
provided  care  be  taken  to  avoid  loosing  the  identity  of  the  specimens. 
After  the  uhip  has  been  glued  to  the  glass  square  the  former  is  ground 
carefully  with  coarse  emory  of  various  grades  until  the  section  shows 
signs  of  falling  to  pieces,  il  is  then  put  upon  the  Hour  and  slime  plates 
in  succession.  Great  care  must  be  used  to  prevent  the  accidental 
mixture  of  coarse  emery  or  gritty  grains  with  the  emery  flour  or  slime, 
as  one  grain  of  coarse  grit  may  suffice  to  destroy  the  section  just  when 
completed.  When  the  section  is  judged  thin  enough,  it  is  proved 
by  cleaning  the  si|uare  and  laying  it  over  print  which  should  be  clearly 
seen  through  the  section.  The  superfluous  and  soiled  balsam  is  care- 
fully cleaned  away  from  the  section  and  il  is  placed  on  the  heating 
table  on  which  are  also  laid  the  slip  and  cover  glasses.  When  the  bal- 
sam is  fluid,  a  small  fragment  of  somewhat  more  fluid  balsam  than  that 
previously  used  is  placed  on  the  glass  slip  and  the  thin  section  is 
pushed  off  the  plale  glass  square  with  a  blunt  needle,  the  cool  needle 
adheres  to  the  section  and  the  latter  is  removed  to  the  now  perfectly 
fluid  balsam  on  the  glass  slip.  The  warm  cover  glass  is  now  quickly 
placed  over  the  section  which  has  Ijeen  completely  immersed  in  the 
™«iium.  Care  must  be  taken  that  a  sufficient  quantity  of  balsam  is 
used  to  completely  fill  the  space  between  the  slip  and  the  cover  and 
*'*o  that  no  bubbles  arise  to  obscure  the  field.  If  all  has  been  suc- 
•^ssftii  the  spring  clips  are  applied  and  the  slide  is  placed  aside  to  dry 
*'fhom  attempting  to  clean  away  the  superfluous  balsam.  In  a  day 
"'  'Wo  this  will  he  hard  enough  to  be  readily  removed  with  a  knife  and 
"^  slide  may  be  cleaned  with  a  soft  cloth  wetted  with  alcohol,  care 
'*"*g  taken  that  the  balsam  under  the  cover  Is  not  attacked  by  the  al- 
™**l.  The  slide  is  then  ready  to  label  in  any  convenient  way,  the 
"urn Iter  of  ihe  corresponding  hand  sample  being  in  every  case  attached 
'"the  slide. 

*he  process  aliove  described  is  less  tedious  than  might  be  supposed 
tan  be  materially  shortened  by  the  use  of  a  lithological  lathe  pro- 
with  lead  and  iron  horizontal  laps.       The  accompanying  wood 
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cut  illustrates  the  rorm  of  lathe  used  for  this  purpose  in  our  own  labo- 
ratory.      It  was  manufactured  at  the  suggestion  of  this  department 
and  is  not  only  more  convenient  and  elegant,  but  less  expensive  than 
any  other  lathe  at  present  in  ihc  market.        It  is  constructed  by  \V. 
and  John  Barno  Co..  of  Kiuktord.  HI, 


u 


In  the  sti  dy  of  the    t       n   t!        |   ef.arei  a  m  croscope  it 
wh  ch    s  espec  ally  arra  ged  for  th  s  purpose        The  appearance  of 
such  an    nstrument    s  Ilustraled  by  the  accompany  ng  figure  which 
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ients  the  (wlari^ing  microscope  prepared  by  Baiisch  and  Lomb, 
Rochester,  N.  Y.,  while  figure  i.  of  plate  XI  gives  a  diagram  of  the 
optical  parts,  etc.,  of  the  Fu ess- Rose iibusch  stand  in  use  in  Germany. 


k 

I      P'Stion  of  the  slide.       The  polarizer  (rr)   is  placed  below  the  stage 
•^consists  of  a  Nicols'  prism  set  in  a  rotating  cyhnder.       Above  it  is 
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a  condensing  lense  for  making  the  rays  convergent  The  Ug^  is 
polarized  in  one  plane  by  die  polarizer  and  (the  oondoiser  being  le- 
moved)  passes  through  the  section  placed  over  the  aperture  in  the  stages 
The  resulting  image  is  now  magnified  by  die  microso^  in  the  usual 
way.  Above  die  ocular  is  placed  the  analyser,  consisti]^  of  a 
Nicol's  prism  set  in  a  revolving  cylinder  with  a  graduated  limb.  This 
prism  serves  to  cut  off  all  the  rays  polarized  in  one  plane.by  die  lower 
Nicol  when  its  axis  is  at  right  angles  to  that  prism.  If,  however,  the 
interposed  mineral  section  is  double  refractive  and  rotates  the  plane  of 
polarization  of  the  light,  this  fact  is  indicated  by  the  fact  diat«1ihe  fidd 
does  not  appear  dark  when  the  Nicols  are  at  right  angles,  but  *'at  some 
other  angle  which  enables  us  to  ascertain  the  amount  of  rotation  pio- 
duced  by  the  mineral  in  question.  A  quartz  plate  (zz)  is  inserted 
above  the  objective  and  serves  to  discover  the  dightest  double  reftao- 
don.  An  artificial  calcite  twin,  known  as  die  Calderon  .plate,  is  m- 
serted  in  one  of  the  oculars.  If  the  mineral  examined  be  not  isotro- 
pous  the  two  parts  will  be  unequally  dark,  thus  enabling  us  to  distifr 
guish  the  opdcal  characters  by  a  most  sensfdve  test  A  plate  of  cal- 
cite, set  in  a  cork  ring,  is  also  used  between  the  ocular  and  analyzer. 
The  interference  figure  produced  by  the  calcite  now  is  superposed  upon 
the  mineral  section  and  may  or  may  not  be  distorted  by  the  action  of 
the  latter,  affording  another  criterion  by  which  to  determine  the  min- 
erals. 

B.     Micro-chemical  Methods. 

In  the  application  of  chemistry  beneath  the  microscope,  tests  of 
prime  importance  are  derived  from  the  solubility  of  the  various  parts 
of  a  section  and  the  forms  of  crystals  formed  from  an  evap>orated  pre- 
cipitate after  a  reaction  is  accomplished. 

In  order  that  the  tests  may  be  applied  to  but  a  single  crystal  of  a 
section,  it  is  necessary  to  perforate  the  cover  glass  with  a  minute  open- 
ing, thus  preventing  the  uncertainty  otherwise  unavoidable.  An  or- 
dinary cover  glass  is  coated  with  wax  and  a  minute  perforation  is  made 
with  a  needle,  exposing  the  glass,  which  is  then  subjected  to  the  action 
of  hydrofluoric  acid  until  the  glass  is  eaten  through  by  a  perforation 
less  than  a  millimeter  in  diameter.  The  section  is  then  covered  and 
the  opening  is  brought  directly  above  the  crystal  to  be  studied.  The 
balsam  is  removed  by  alcohol  and  the  surface  of  the  crystal  is  thus  ex- 
posed to  the  action.      In  the  case  of  reagents  giving  off  corrosive 
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Mes,  the  objective  may  be  protected  by  a    thin  gl 
rily  fastened  to  the  end  by  glycerine. 

As  an  example  of  the  micro-chemical  process  we  may  mention  the 
process  of  distinguishing  apatite  from  nepheiin.  If  the  grain  of 
apatite  can  be  isolated  it  is  dissolved  in  a  concentric  nitric  acid  solution 
of  molybdate  of  ammonia.  As  the  solution  is  slowly  affected,  a 
multitude  of  yellow  octahedrons  of  lo  Mo  Oi  -f  POi(NH,)i  appear 
about  the  edges.  This  detects  the  phosphoric  acid.  The  lime  may 
be  demonstrated  by  dissolving  the  grain  in  nitric  acid,  to  which  is  then 
added  a  drop  of  sulphuric  acid  producing  small  crystals  of  gypsum. 

In  case  the  questionable  grain  is  in  a  section  the  acids  may  be 
applied  with  a  glass  rod  and  then  removed  by  a  pipette  to  a  glass  slip 
and  there  evaporated. 

Nepheiin  fails  to  produce  the  reactions  described  but  its  solution 
in  concentric  hydrochloric  acid  affords,  on  evaporation,  minute  cubes 
of  common  salt  which  are  very  readily  recognized. 

Borkky  has  applied  Fluo-si!icic  acid  in  the  micro-chcmical  analysis  of 
many  minerals.  The  reagent  must  be  chemically  pure  and  about 
13  per  cent,  strong.  It  cannot,  of  course,  be  preserved  in  glass 
vessels.  Its  availability  arises  from  the  fact  that  nearly  all  rock- 
forming  minerals  ate  attacked  by  it  and  the  resulting  compounds  afford 
characteristic  crystals. 

K  slide  is  covered  with  a  thin  protecting  layer  of  balsam  and  upon 
this  the  particles  to  be  examined  are  placed.  When  the  substance  is 
very  slowly  affected  the  best  results  are  obtained  by  applying  the 
reagent  to  the  section  itself  If  the  mineral  is  ea.sily  dissolved  the 
various  components  appear  approximately  in  their  relative  proportion 
in  crystals  of  various  form.  In  cases  where  the  mineral  isbutslightly 
attacked,  some  of  its  components  may  first  st-parate  and  thus  make 
necessary  a  repetition  of  the  process,  or  it  may  be  faciliated  by  first 
dissolving  these  soluble  substances  in  fluoric  acid.  The  fl uo -silicates 
trysiallize  most  perfectly  when  evaporated  and  the  watery  solution 
permitted  lo  again  evaporate  on  a  second  slide. 

X.  Fluo-silknle  of  postassiiim  crystallizes  in  the  isometric  system, 
usually  in  i-i  in  skeleton  groups,  also  in  i,  and  I.  The  reaction  is 
masked  by  presence  of  sodium,  when  apparently  rhombic  crystals  l-n.  m-1 
are  formed. 

2.     Fluo-silicatis  of  sodium  give  sljort  hexagonal  columns  with   0, 
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I,  and  i-a.     Incomplete  ciTitik  are  barrel-shaiied.   pre^nce  of  cal- 
dura  increases  the  size. 

3.  Fh»-s^cate  of  calcium  occurs  in  peculiar,  long  lanceolaie 
crystals,  often  in  rosettes.  The  angles  and  edges  are  not  sharp, 
MoDOcUnic,  eanly  soluble  in  water. 

4.  Fbio^^aU  of  magnesium  appears  in  rhombohedrons  the  angltj 
of  which  are  tnincatcd  by  oR,  and  in  combinations  of  R  .  i-a  m 
R.  i-i .  0&,  It  often  appears  in  rhomlrahcdrons  deformed  in  one  aoglt 
or  in  cruciate  or  pectinate  forins. 

Ferric  and  tnaganesii-  compounds  can  hardly  be  distinguished  from 
magnesium    fluo«ilicate,  and    strontium    compounds  resemble  fiuo- 


5.  Lithia  compounds  appear  in  obtuse  hexagonal  pyramids,  while 
fluo-silicate  of  bariimi  occurs  in  excessively  minute  needles. 

The  fluorides  of  iron,  magnesium,  and  maganese  may  be  dis- 
tinguished by  subjecting  them  to  the  action  of  chlorine  gas.  which 
changes  die  color  of  the  iron  compoimd  to  citron  yellow,  of  the 
manganese  to  reddish,  while  the  fluoride  of  magnesia  remains  colorless 

Behrens  gives  die  following  method  which,  when  carefully  followed, 
is  exceedingly  delicate: — 

The  sample  to  be  studied  is  isolated  and  pulverized  and  is  placed  in 
a  covered  platinum  capsule  not  more  than  i  cm.  in  diameter  into  which 
a  few  drops  of  fluoric  acid,  fluoride  of  ammonium,  and  concentrated 
hydrochloric  acid  have  been  placed,  evaporate,  and,  if  necessary, 
repeat  the  operation.  The  dried  mass  resulting  is  evaporated  with 
sulphuric  acid  nearly  to  dryness,  when  gray  fumes  are  formed.  Add 
water  and  again  evaporate  so  that  for  each  milligram  of  the  powder  a 
centigram  of  fluid  is  produced.  A  drop  of  this  fluid  is  now  placed 
on  the  slide  with  a  capillary  pipette  and,  after  protecting  the  objective, 
is  examined  for  cakium.  If  calcium  is  presant,  evaporation  produces 
crystals  of  gypsum  (I  .  i-i' .  1  .)  On  the  margin  of  the  drop  charac- 
teristic swallow-tail  twins  may  be  found.  .0005  mg.  of  lime  can  be 
detected  in  this  way. 

A  drop  of  platinum  chloride  is  now  added  and,  if  potassium  was 
present,  strongly  refractive  octahedrons  or  trillings  or  quadrillings 
appear. 

Sodium  is  detected  by  cerium  sulphate,  a  saturated  solution  of  which 
is  placed  on  the  slide  near  the  drop  to  be  examined  and  connected 
with  it  by  a  capillary  glass  thread.       In  the  drop  of  the  reagent  there 
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r  desmid-Uke  aggregates  of  cerium  sulphate  and  on  the  margin  a 
brown  cloudy  zone  of  double  salt  of  soda.  Excess  of  sulphuric  acid 
prevents  the  reaction. 

Magnesium  is  detected  by  salt  of  phosphorus.  The  drop,  before 
tested  for  possium  or  aluminum,  is  neutralized  with  ammonia  and  in  a 
drop  of  water  placed  at  a  distance  of  about  i  cm.  is  ])laced  a  grain  of 
salt  of  phosphorus  and  the  two  drops  connected  as  before.  The  re- 
sult is  the  production  of  double,  forked  crystalloids  similar  to  those 
found  in  natural  glasses  or  well  developed  hemimorphic  twins  of 
ammoniated  magnesium  phosphate. 

Aluminum  is  detected  by  touching  the  drop  with  a  platinum  wire 
dipped  in  caesium  chloride.  Translucent  octahedrons  of  caesium 
alumn  are  formed,  or  more  rarely  i  .  i  i.  If  the  solution  of  the 
mineral  is  concentrated,  dendritic  fonqs  simply  are  formed  and  water 
must  be  added. 

Similar  tests  are  proposed  for  the  detection  of  other  elements  but 
the  above  are  of  most  general  application. 


C.      Use  of  the  Polarizing  Aficroscope. 

Ordinary  polariied  lighl  is  produced  by  placing  Ihe  analyeer  above  Ihe  eye- 
piece in  !Uch  t  position  that  its  Nicol'a  prism  stands  at  right  angles  to  that  in  the 
poUriicr  below  ihe  stage  The  (ieM  now  appears  totally  dark,  inasmuch  as  the 
only  rays  pcrmitlcd  to  pa&s  through  the  polariicr  ore  extinguished  by  the  analyier. 
All  minerals  are  cither  simply  or  doubly  refractive,  and  the  former  may  be  rec- 
ognized as  iimorfihous  (lilie  glass)  or  belonging  to  the  isomtlrii  crystal  ayslera,  In- 
as  much  as  the  elasticity  of  the  elher  in  either  case  will  be  tbesame  in  any  direction 
in  such  mineraU,  they  do  not  interfere  with  Ihe  rays  which  pass  through  them,  hence 
hetweeo  crossed  Nichols  any  seclioa  of  such  minerals  remains  constantly  dark. 
tven  though  the  section  be  passed  through  a.  cotnplele  revolution  by  rotating  the 
itage — in  other  words,  the  mineral  is  botrepoHS.  Double  rerraclive  minerala,  in 
wctions  uken  in  some  directions,  become  colored  in  certain  positions  between 
enssed  Nicols.  Such  sections  become  perfectly  dark  twice  in  one  complete  rev- 
olution. The^  colors  are  due  to  intcrrerence  of  the  rays  brought  about  by  the 
double  refraclian. 

Optical tmiaxial crystals  are  those  falling  in  either  the  tetragonal  or  hexagonal 
systems.  In  such  crystals  there  is  but  one  direction  in  which  there  is  no  double 
refraction,  »'.  ■■.  that  parallel  to  the  verlical  axis  r,  which,  in  this  case,  corresponds 
10  the  optical  aiis,  The  elasticity  of  the  ether  coniaiued  in  the  crystal  is  differ- 
enl  in  directions  parallel  and  at  right  angles  to  the  main  axis.  a=  the  axis  of  (he 
greatest  elacticity  and  [•--  the  axis  of  least  eiastjcity.  4j=  exponent  of  refraction 
in  Ibe  ordinary  ray  (thai  is,  the  one  passing  parallel  10  the  optical  axis  and  vibrat- 
ing At  right  angles  to  the  fundamental  section,     r—  uponenl  of  extraordinary  lay 


132  BULLETIN   OF   THE   LABORATORIES 

<rf.  (.  ihal  passing  nt  right  angle  to  tht  optical  uis  and  vibrating  in  tbe  priniipjl 
■eciioQ.  If  ihe  aiis  I- coincides  with  the  optical  aiis  a  and  u>  t  the  mioeral  i*  ncg- 
advely  double  refractive,  while  if  i^  c  and  u<t,  the  mineral  is  pi»itively  douiiie 
refiactive.  A  ihin  section  of  a  crystal  of  either  Ihe  leirogonal  or  beiagonsl  iji- 
lem,  if  basal,  (i.  c.  parallel  to  0)  acts  as  though  isotropous  and  remains  dark  in 
all  positions  between  crossed  Nicols,  On  (he  other  hand,  seclioos  taken  verticil 
to  O,  or  parallel  to  one  of  the  prismatic  faces,  are  dark  twice  in  a  revolution  acl 
these  points  occur  when  the  sides  of  Ihe  section  are  pirsllel  to  the  principal  seclion 
of  the  Nicol's  prisms  In  such  a  ca»  Ihe  exlinctiOD  is  said  to  be  perpendicular 
or  parallel  to  the  crystallograpbic  axis.  Sections  inclined  to  the  vertical  aiis  ar 
inch  as  ai«  paiallel  to  a  pyramidal  face  are  eitinguisned  parallel  to  the  verticil 
axit,  but  nol  necessarily  to  all  Ihe  sides.  Whether  the  mineral  proven  10  be  uni 
Asial  is  heiatpnal  or  tetragonal  can  only  be  discovered  by  ascertaining  the  num- 
btt  of  sides  of  ■  section  transverse  to  the  vertical  axis. 

In  (aasia! miiwrals  there  are  two  directions  without  double  refraction.  Three 
■■en  are  assumed,  each  ol  which  is  at  right  angles  to  the  others  and  has  a  diffei- 
enl  amount  of  elasticity  of  the  ether.  These  elasticity  axes  are  lettered  a,  b  and 
Ci  in  order  of  elasticity  Two  of  the  optical  axes  do  not  correspond  with  the 
crf-stallo^raphic  axes,  but  the  two  sets  of  axes  form  with  each  other  larger  or 
•miller  angles.  The  line  which  bisects  the  acute  angle  ^^  acalt  bis(etrix,  that 
which  bisects  the  obtuse  anj;le  ^  ohiitse  iiseefrLc.  The  optical  axes  and  both  the 
scute  and  obtuse  bisectrix  lie  in  the  same  pUne,  called  Ihe  optical  plane,  pcrpcn- 
diculat  to  which  is  the  optic  normal.  The  axis  of  inlermediate  elasticity  (6)  co- 
incides with  the  optic  normal,  while  the  axes  of  least  and  greatest  elastidty  may 
coincide  with  either  bisectrix.  If  a  coincides  with  the  acute  bisectrix,  then  t  co- 
incides wiih  the  obtuse  bisectrix  and  the  mineral  is  negative.  If,  on  the  other 
hand,  <  coincides  with  the  acme  bisectrix  and  a  with  the  obtuse,  it  ii  potitively 
double  refractive,      a,  A  y  are  the  indices  of  refraction  corresponding  to  the  thf«e 

In   the  case  of  minerals  of  the  Oiihohoa^k  systtm  the  three  axes  of  elasticity 
a>ti^C  cnrrespond  wiih  Ihe  crystal lographic  axes  i,,  b,  and  c,  but  not  necesarily 
in  such  a  way  that  a  always  corresponds  to  H,  etc.     a  and  i  are  always  bisectrices 
anti  the  optical  plane  is  always  parallel  to  one  of  the  three  pinacoids. 
The  following  are  possible  ; 
If  Opt.  plane  =  O,  a=a,   b-c  1  „,     ^ 

u=c.  b=ar-'' 

IfOpt.  plane  =i-l,c;=a,  ft=c | ^^^ 
lfOpl.plane  =  i-I,g;Wc|j^^ 

Sections  parallel  to  one  of  the  three  pinacoid  surfaces  (usually  rectangular)  eitis- 
guish  perpendicularly,  /,  e.  become  dark  between  crossed  Nicols  when  one  side  of  the 
rectangle  or  one  of  the  pinacoid  cleavage  lines  is  parallel  to  the  main  section  of  the 
Nicol.  Distinguished  from  isometric  minerals  by  the  fact  that  basal  sections  (par- 
allel O)  are  not  isotropous  Only  such  sections  are  isolropous  as  are  exactly  verti- 
cal to  the  one  or  the  other  of  the  optical  axes,  which  would  b*  the  cate>  accor^- 


OF   HENISON   UNIVERSITY. 


'33 


iD  at  the  o; 


e  ptwitian  al 
HcDce  i«>lTDpoUi  sections  I 
Seclions  parallel  to  ih"  verlical  axis  in  the  lone  i-I.  i-I  eilinguisii  perpend icu  la ily. 
In  moiuKSaii  mintra/s  only   Ihe  ortho- diagonal  t6)   coincides    with   one  of  llie 
ax«  of  clasliciiy,  the  other  alei  of  clastitily  form  iingl«  with  a'  anil  c'.       The  op- 
tical plane  U  either  parallel  or  at  right  angles  to  the  plane  of  S]miinetry  i-1, 
It  optic  plane  =  i-I  the  acute  bisectrix  =  c  1_  u^i, 


then  c  and  a  t 
If  opiic  ptaai 

the  J 


t  inclined  toward  c 
right  Bl 


ndi. 


I!  bisect  tix 


=  b=a 


or  the  obtuse  '•        =  b-.a 

=  b=c 

tbeo  6  and  t  or  b  and  a  are  inclined  toward  c'  and  a'. 

As  a  result  of  the  inclination   of  the  axes  of  elaBticity  to   the  cryslallographic 

axet  certain  of  the  longitudinal  sections  are  not  extinguished  when  the  cryslallo- 

graphic  axes  coincide  with  the  principal  plane  of  the  Nicol's  pri&ni.        Sections  in 

the  <one  O.  i-f.  all  are  extinguished  perpendicularly,  for  in  this  case  the  orihodi- 

agonal  coincides  with  an  axis  of  elasticity. 

In  TricHitk  minerals  none  of  trie  three  axes  of  elasticity  coincides  with  the 
cryitallographic  axes.  All  sections  parallel  to  the  three  piaacoid  surfaces,  there- 
fore, are  obliquely  exlinguiihcd.  The  angle  of  extinction  in  the  plnne>  O  and 
i-1  is  known  for  moat  triclinic  minerals  and  forms  a  ready  means  of  determining 
these  mincraU.  In  thin  seclions  the  shape  of  the  section  will  generally  make  it 
clear  whether  it  is  or  is  not  parallel  to  a  pinacoid.  Accurate  measurements  of  Ihe 
angle  of  ulinclion  mast  be  made  in  cleavage  plates  parallel  to  i-1  and  O. 
Twinning    Phenomena. 

Twins  in  the  regular  system  cannot  be  recognized  by  the  polarizer.  Twins  in 
the  tetragonal  and  hexagonal  systems  cannot  be  recognized  unless  the  axes  of  the 
Iv  ins  are  inclined  toward  each  other  If  one  individual,  in  such  a  case,  appears 
dark  between  crossed  NJcols  the  other  may  appear  colored. 

In  some  cases  a  crystal  individual  is  made  up  of  alternate  lamellae  of  the  same 
mineral  In  difTerent  position  relative  to  Ihe  axis.  Such  aggregates  are  called /o/)'- 
tyiUkftir  rmHi.  In  plagiociase  feldspar,  calcite  and  disthene  this  frequently  oc 
cars.  In  such  minerals  the  adjacent  lamellae  will  not  be  extinguished  simultane- 
ously under  polatized  light. 

In  the  rhombic  system  the  twinning  plane  is  usually  one  surface  of  a  brachy- 
dome,  a  pyramid  or  a  prism.  Pleochroism  in  colored  minerals  assists  in  deter- 
mining ihe  relation  of  twinned  crystals. 

In  the  monoclinic  system  Ibe  plane  is  often  i-i''. 

In  the  rriclinic  system  the  polysynlhetic  form  appears  very  frctiuently.  In 
plagiociase  Ihe  twinning  plane  is  generally  i-1  (a  1  bite  type).  Sections  al  right 
angles  lo  this  plane  in  Ihe  tone  O,  i-i  always  exhibit  the  banded  colors  in  polarized 
ligbL      Twins  of  this  type  u*  impossible  in   the  mooocliiiic  syslfuii  because  Ibe 
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plane  corresponding  to  i-f  »« i-V  and  cdncides  with  a  symnetijr  plane^  .hence  oei|t 
escence in  this  way  would  not  produce  twins.  A  second  type!* the pericltne tffn 
in  which  the  twinning  plane  is  at  right  aisles  to  the  lone  0^  1^ 

JPkochroism. 

Double  refracting  minerals  have  the  property  of  afibfdiag  diffenml  coleiiii^M 
looked  through  in  different  directions  corresponding  to  the  axes  of  ^bttttci^^  h 
optically  uni-axial  crystals  there  are  two  such  directions  (i,  t,  die  mineials  aie  di* 
chroic)  and  the  color  afforded  by  looking  through  in  the  direction  paraUei  ip  die 
vertical  axis  is  called  the  basis  color,  that  appearing  when  looked  diron^^  nll^ 
angles  to  this  the  axial  color.  A  section  of  a  umaxial  erystal  will  show  no 
change  of  color  when  rotated  above  the  polaiiser  (anaiysM*  being.  reoMived)  if  ^ 
section  is  parallel  to  the  vertical  axis.  .        .         .% 

In  tetragonal  and  hexagonal  minerals,  tiioefore,  ^diiectioDawlijBve.i^esleit 
change  of  color  occur  coincide  with  the  two  axes  of  efawtieity^  in  ^orthoihOTibif 
system  they  coincide  with  the  three  crystallpgraphic  axes  as  wd^^^tet  ki  the  wmit' , 
clinic  and  tncKnic  this  coincidence  seems  not  to  occ«ff% 

Use  of  cofwergeni  Fi4ariKid  L^ki. 

The  occular  is  removed  and  a  condensing  lense  is. placed  above  thd^  poiatistf,  < 
between  it  and  the  object.  Interference  figmes  of  a  nutttre  vnfyinjg  wi^  lilt 
character  of  the  mineral  now  appear.  In  regular  and  tmorphdni  ^ifteii^  iM 
such  figures  are  produced.  The  same  is  true  of  sections  paraUd  to  die  ver^cit 
axis  of  the  hexagonal  and  tetragonal  minerals.  In  the  transverse  (isotropous) 
sections  of  tetragonal  and  hexagoml  minerals  an  invariable  dark  interference  cross 
lies  in  the  centre  of  the  field.  If  the  sections  is  oblique,  the  cross  falls  at  one 
side  of  the  centre  but  is  not  otherwise  altered.  A  rotation  of  the  stage  causes  the 
cross  to  apparently  revolve  in  the  same  direction.  If  the  section  is  so  o)>lique 
as  to  fall  outside  the  field  a  rotation  will  bring  first  one  limb  and  then  the  other 
into  view. 

A  section  of  biaxial  crystals  taken  perpendicularly  to  the  bisectrices  and 
placed  so  that  the  optical  plane  coincides  with  the  principal  section  of  the  Nicob 
shows  two  closed  curves  enclosing  the  axial  points.  These  curves  are  bordered 
by  other  curves  and  crossed  by  a  dark  cross.  The  smaller  limb  of  the  cross 
passes  through  the  axial  points  and  indicates  the  position  of  the  optical  axis 
plane.  The  broader  limb  of  the  cross  is  at  right  angles  to  it.  When  the 
stage  is  revolved  the  cross  does  not  remain  invariable  but  is  altered  to  form  two 
hyperbolas  which  move  about  the  axial  points  and  again  form  a  cross  after  a 
revolution  of  90°. 

The  above  account,  condensed,  in  the  main,  from  Hussak,  will  serve  to  io* 
troduce  the  tables,  while  the  student  may  be  referred  for  more  full  explanations  to 
the  works  of  Rosenbusch,  Zirkle,  Fouque''  and  Levy,  Cohen  and  especially 
Hussak's   **  Anleitung  zum  beslimmen  der  gesteinbildenden  Mineralien.'* 

D.     Recapitulation  of  characters  of  the  various  crystal  systems, 
I.     Amorphous  and  regular  minerals  are  distinguished  from  all  others  by  re- 
maining dark  in  all  positions  between  crossed   Nicols,  while   the  later   may  be 
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{liiibed   from   ihe  fonner,   even  in  actions,    by   the  tegular   contour  nod 

I.  The  remainder  ol  mineral  species  are  aniBolropous.  Ttlragtmai  and 
iui7fi7M/ minerals  have  tlillcrcnl  eiaslicily  in  ilireclions  parallel  and  perpendicular 
lo  vertical  aais  c.  Rectangular  or  hexngonal  longitudinal  Eu-clions  are  eilinguished 
perpendicularly.  In  convergent  polariicd  light  transverse  wclions  exhibit  a 
liied  axia]  truss,  while  in  longitudinal  sectiaos  no  inleTTcrence  figures  appear. 
Sections  obiqne  lo  the  axis  jho*  lateral  displacement  of  ihc  optic  axit.  The 
;  fixed  axial  cross  appears  to  move  in  the  same  direction  as  the  stage  when  revolved. 
,  Htiagonai  ate  distinguished  rrom  the  tetragonal  forms  by  the  hexagonal  and 
twelve-sided  transverse  sections. 

3  The  remnining  minerals  are  optically  bi  axial,  and  in  those  sections  which 
I  are  isolropous  a  black  band  appears  in  convergent  polarited  light,  which  appears 
'  to  move  in  a  direction  opposite  to  the  stage.  The  axial  point  may  lie  within  or 
'  out  of  tlie  field  (depending  on  Ihe  inclination  of  the  i-eclion.)  If  the  band 
1^  (bypcrbola)  is  bordered  with  red  on  the  convex  iide  nnd  blue  on  the  concave  the 
I       di&pcnion  of  the  axes^fi^x,  if  Ihe  revetK  fx.v. 

.  Orthorbamiit  minerals  have   both  optic  axes  in  a  plane  parallel  a  pinacold. 

1q  sections  at  tight  angles  to  (lie  vertical  axis  eilinclion  lakes  place  parallel  and 
perpend icnlir  to  the  sj<les.  In  sections  pnmllcl  lo  ihe  verlLcal  axis  extincllon  is 
■Iso  perpendicular.  No  interference  tigute  in  the  ihird  pinacoid  section  in  con- 
vergent polaiined  light. 

In  MoHKlmk  minerals  one  axis  of  eiaslicily  coincides  with  Ihe  or thodi agonal, 
ihe  others  in  the  lyineiry  plane  i-i  or  perpendicular  10  it.  Sections  perpendicular 
lo  the  vertical  axis  are  perpendicularly  extinguished.  Scclions  parnllei  lo  the 
wrticsl  axis  if  in  tbe  lone  O  .  i-i  are  cxiinguishcd  perpendicularly,  sections 
parallel  lO  i-I  are  obliquely  exiinguisbed.  If  Ihe  optical  axial  plane  is  parallel  lo 
i-1  none  of  the  pinacoid  seclions  exhibits  perpendicular  displacemeulof  a  biseclriK, 
liul  ihe  inlerfcrence  figure  is  displaced  toward  ihe  verticil  axis. 

In  Trittinie  minerals  neither  ol  the  axes  of  elasticity  coincides  with  the  crjs- 
Ullographic  axes,  The  optical  axial  plane  is  not  peipendiculat  to  pinacoid  sur- 
faces. No  pinacoid  section  is  perpendicularly  extinguished  and  none  of  ihese 
tclluns  eihibils  perpendicular  displacement  of  the  bisectrix. 
Explanation  of  Piatt  XI. 
Fig  1.  IJiagramalic  section  of  Lltbotogical  Microscope  as  mnnuracturcd  by 
Kucssof   Berlin,      [Sre  tcxi.) 

Fig.  2.  ReHeclinggoniomcler  of  Wollaston,  for  measuring  angles  of  macro- 
"Dpie  crystals. 

Fig.  3.  Polysynihetic  twins  of  plagioclase ;  section  parallel  i-I.  (From 
HosKik.) 

Fig.  4.  Plagioclase  twinned  according  to  bolh  the  alhite  and  pericline  type  1 
"Winn  parallel  i-i.     (from  Hussak.; 

Fig.  5.  Diagram  illuslraling  rcUlion  of  the  optical  axes  elc,  in  luins. 
U«  A  »  ^  Normal. )  It  may  be  more  clearly  illustrated  as  follows  :—  A  Ihin 
i^^t  of  gypsiun  is  taken  parallel   the  principal  clinodiagDnal.       Qui  of    ibis  a 
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rhombic  piece  is  obtained  by  using  the  conchoidal  fracture  parallel  the  ortho* 
pinacoid  and  the  satiny  cleavage  parallel  to  the  -)-  hemipyramid.  The  obtuse 
angle  =113°  46^  and  the  acute  =  65°  14^  In  as  much  as  the  optical  axes  in 
gypsum  lie  in  the  clinodiagonal  terminal  plane,  the  surfaces  of  the  plate  may  be 
taken  as  the  plane  of  the  optical  axes.  The  conchoidal  fracture  corresponds  with 
the  main  axis,  and  the  optical  axes  above  and  anteriorly  form  angles  of  23^  and 
83°.  These  are  represented  By  bisecting  the  acute  and  obtuse  angles  we  may 
secure  the  bisectrix  (axis  of  least  elasticity)  and  the  optical  normal  (axb  of 
greatest  elasticity)  respectively.  The  bisectrix  forms  an  angle  with  the  longer 
diagonal  of  the  plate  of  nearly  exactly  20°.  Every  ray  entering  the  plate  per- 
pendicularly is  polarized,  forming  one  ray  vibrating  in  the  plane  of  the  bisectrix 
and  another  in  the  plane  of  the  optical  normal.  In  a  drawing  of  the  exact  shape 
of  the  plate  these  lines  are  drawn  and,  in  addition,  the  whole  area  checked  into 
squares  by  lines  parallel  to  the  bisectrix  and  the  normal  (on  both  .sides.)  The 
plate  is>  laid  upon  the  drawing  and  both  are  bisected  parallel  the  main  axis  and 
one  piece  is  revolved  180°  and  united  by  its  other  edge  with  the  second.  The 
result  is  an  artifical  twin  of  gypsum  with  the  optical  determinants  all  indicated  in 
each  (Rosenbusch.)       The  same  method  may  be  applied  to  illustrate  other  twins. 

Fig.     6  A.     Orthoclase  twins  of  Carlsbad  type. 
B  *'  Banover  type. 

Fig,     7.     Polysynthetic  twins  of  calcite  in  marble. 

ftg.     8.     Section  of  augite  parallel  to  i-I,  showing  zonary  structure.    (Hussak.) 

Fig,     9.     Micro- crystals  of  gypsum  (twinned.) 

Fig.    10.     Inclusions  showing  Auction  structure. 

Fig.    II       Hornblende  crystal  with  opaque  altered  margin.     (Hussak.) 

Fig.    \i.     Diagrams   of  interference    figures   in    convergent    polarized    light. 
(Adapted  from  Fouque^.) 

The  polarizer  and  condensor  are  used,    hut  the  occular  is  removed   and  the 
NicoJs   are    crossed.       In   regular  and   amorphic   minerals  no   figure  is  seen.      In 
uniaxial  ciystiils  in  isotropous  sections   there  appears  a  fixed  axial  cross  with  more 
or  fewer  concentric  colored   rin^s.       These  latter  vary  with  ^the   thickness  of  the 
section.        If  the  section  is  not  exactly  at   right   angles  to  the  main  axis  the  inter- 
section lies  out  of  the  centre  and    revolves  with   the  motion  of  the    section.       If 
the  inclination  is  still  greater  the  intersection   falls    beyond  the  field   and  a  revolu- 
tion  of  90°   brings  first   one  and    then    the  other   limb   of  the  cross    into  view, 
I  A      a  section  slightly   ol)li(jue,  I  B  is  the  same  section   revolved  45°,  and  I  C  is 
revolved   °<)0.        Biaxial   crystals,  if   taken  perpendicular  to   bisectrix  or  normal, 
and  if  so  placed  that  the  opical  axis  jilane  coincides   with  the  principal   section  of 
the  NicoU,  show  an  interference  figure  consisting  of  two  separate  systems  of  curves 
whose  foci  corrcsponti   with   the  two  axes.       These  curves  are  surrounded   each 
by  a  lemniscus  and  a  black  cross  appears  with  a  narrow  arm    passing   through  the 
foci  and  a  broader  band  between    them  (II  A.)       The  slender  band  represents  the 
position  of  the  optical  axis  plane.        When  the  section  is  revolved  the  cross  alters 
its  form  and  at  4^*^  becomes  an  hyperbola  passing  about  each  focus  while  at  90°  the 

cross  rcAppcArs  but  in  a  position  transverse  to  that  formerly  Pteupied, 
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Table  of  Abbreinations. 

c       vertical  crystallographic  axis. 

\\  --  brachydiagonal  in  orthorhombic  and  triclinic  systems. 

a''  --■-  clinodiagonal  in  monoclinic  .system. 

b.  c,  ^  a\cs  of  elasticity. 

<w    s:  exponent  of  refraction  in  ordinary  ray.         )    In  uniaxial 
f --  •*         ••         *  in  extraordinary  ray. \'     crystals, 

.i    -  *•         **         •*  in  intermediate  axis,  ") 

fj  -  *•         *'         *•  in  red  light.  >  In  biaxial  crystals 

»•    -  **         ••         *'  in  violet  light,  j 

sp.  -  -  dispersion  of  axial  points. 

Symbols  of  planes  essentially  as  in  Dana's  Text-book  of  Mineralogy, 
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II.    Double-refractive  minerals. 

A.      Uniaxial  optically. 

Tetragonal  system,     a.     Double  refraction  positive. 


TABLE  IV. 


PU&chro- 


tstn. 


Siructure.     Assncuition    Inclusions. 


With  aug- 
ite.olivinc. 

plagio- 
clase.    nnd 
sanidine. 


Not  par- 

ticularlv 

noticeable 


Aggregate    of 
spherical  crys- 
tals to  form  a 
large    crystal. 
Zonal  and  ra- 
diating  ar. 
rangement  of 
the  inclusions, 
^rge    corro- 
ded crystals  of 
|ihe  first  order, 
!  and    minute 
sharply    de- 
fined   crystals 
of  second  or- 
;der,  the  latter 
often    pene- 
trating augite 


In  biotite  frei      With 
quently    veryiquartz.  pot 
regular    com     ash   feld- 
pounded   into'spar,    gar- 
'*saj4enite"     net.  horn- 
forms,    also 

united  to  ti 
tanic  iron. 

Often  as  an 

inclusion    in 

the  accom- 
panying min 
erals,  particu 

larly  garnet 

and  ompha- 
cite. 


Inclusions 
jzonary  orra 
'  diating,  or 
collected    in! 
.a  central  ag 
igregate.con- 
'    sisting  of   , 
minute     | 
I  glassy  parti- 
cles,   gas 
pores,  augite 
j needles,  etc  , 
as  well  as  of 
Hauyn,   au- 
gite, apatite 
and  mela-   > 
ite. 


Aiterations     Occuru'ncf.    ,      Nemarks. 

Into  an    ,  I'rimary,  es-    The  foregoing 
aggregate   sential  consti       characters 
of  color-    tunl  with  san- make  it  easily 
less  or  yel-'  idine  etc.  in  j  recognizable 

lowish,     leucitophyres,    unle>s  It  oc- 
finely  radi-   leucile-teph-     curs  in  very 

ating  fi      rites,  and  ba    minute  grains 

bres  or    salts,  also  with  in  the  magma, 
grains  of  nepheline  and    when  it  may 

zeolites,    |    plagiolase.    ibe  difficult   to 
rarely     'Only  found  in  distinguish    it 

pseudo         later  basic        from   inter- 
morphs  of  erupt ives.         spersed  color 


Very     poor. 


blende, 
iomphacite 


Not  no- 
ticeable. 


Like    rutile,        With 
one  ofthe  firstjquartz,  or- 

formed     com-;  thoclase, 

ponents  of   |  biotile, 
rocks   and         horn- 

therefore    fre-,  blende, 

quent    as   in-  augite. 
elusions  in  the 
others. 


Fluid   inclu- 
sions,   nee- 
dle-shaped 

cavities,  andj 

long  uniden- 
tified   nee-  ' 

dies. 


analciteaf-  :  less  areas  of 

ter  leucite.  the  glassy  ba 

sis.  In  this 
case  to  be  rec» 
ognized  micro 
iChemically. 

As  primary  ac- 1 
cessory    com  'Easily    distin. 
ponent   nbun    guished    from 
dant  in   near    zircon  by   the 
ly  all    iiystal-i   polarization 
line  ^l;Urs, par-   colors,  color 
liculaily  those  and    tendency 
bearing   horn-  to  twin. 

blende  and 
augite,  as  am- 
phibolites  and 
eklogit's.  Also 

as  secondary 
dec'mposition 
product  of  ti 

tanic  iron. 

frequent   in 
clay  slates. 

Primary  ac-   [Well    charac 
cesory  compo-  terized  by  thc; 
neni  of  gran-j    crystalline 

ite,    syenite,     forn),   i)olar»  i 

cjuartz  per  ization  colors,] 
phyry,  trach-  and  strong  j 
ytes  and  many|(louble  refrac; 
other  eruptive  tion. 
rock. s. but  rare. 
More  frequ'nl 
in    crystalline 

slates  with 
rutile. 


Double  refraclioi 


•*■-'  ™  »Sl'.  "^ 

Gmr., 

'^&L^ 

TmHt 

Ckar-  imd 
am'tBf  Ou 

izalion 

"«'■     fflk^sJiim^. 

d-il.rtfratt 

Cek^  \r./,«,H.i  j 

JT^  " 

1                 1 

%«.       A.  it.  rmiU. 

3.83- 

0   and      Apex  1. 

As  in 

l-ike       Urk.   1 

3-93 

■■ 

rutile. 

rutile-.    iLHidM  1 
biK 

Com.  iCryslalsl.i-i. 

> 

yy. 

plete. 'i    and     large 

.Mejo. 

Ci,  (AlJ  Si. 

1.734- 

i-i     K«ins  or  long 

nite. 

"« 

*.737- 

columnar   in 

'     i.^i 

ciividuak. 

ICdotW 

Soliihte  ill  H  Cl 

^■79      . 

Itaublc 

wliiK 

refmclton 

(.-=1.515  1 

negative, 

ralher 

strong. 

1 

c.  Cou- 

Slmllu-  to  tcBiio- 

1.60-J.J6 

i-i.     Ijing  colutnu* 

Asia 

Rather  tllul>l>.  nt 

lite;  rich  in  alk. 

(Jfi'i) 

scapalil«. 

bril-     wctiim,  ! 

,iiile 

lUs.  H,  0  . 

1.61-3.SS 

frac-      rounded  or  1 

raWr 

liani. 

eolork* 

'«><I 

Untftected  at  hat 

"irong 

,«lwid;l 

Dipyre 

little  affeclfd   by 

Uornc^' 

Bci<is. 

.lactfram. 

IDCIUSIOU 

_ 

__          ■        -    - 

_ 



d.  Mc- 

(Ca.  Mg.  Na.)  „ 

2.90-2.95 

Parni-  Almostalways 

Rarelji 

Feeble. 

Not 

u.»n. 

inite. 

(Al,  Fe«  )a 

1«I       in  crystals; 

inter- 

very 

ciiion  I'M 

e2aily  soluble   in 

0   and    Ihin    plates 

petie- 

biil- 

O-.fcWI) 

r.      1  predominat- 

(ratin« 

llanl,  if 

j,fcjj 

H  CI  *ilh  Mpii- 

ingly   0.1. 

iwinh 

yellon 

cukvlm 

mtion  of  K«lMi- 

1          i-' 

with 

andli- 

»  ,*.1 

OOU^  «|S;.. 

the 

kill  »liiKl 

grains.       Sec- 

princi- 

aflbrds 

1 

tions  mostly 

ax^'a, 

ihecal- 

1 

1    anguiarir 

"i^hf 

"^M 

rarely 

angles 

•gg«- 

rouudcil. 

ale,  if 
color- 
less the 
polMi- 
Mtion 

colors 
bluish 

i^ative. 


Structurf. 


_i 


Uke 
ratile. 


Assoc  I- 
ation. 


Scapolile 
seems  to  fre- 
quently re- 
place plagio- 
claseand  to  be 
formed  by  its 
decompositi'n 


With 

quartz, 

ortho- 

clase, 

biotite 

"  WitlT' 

sanidine 

sodalite, 

and 
augite. 
With 
quartz, 
plajjio- 
clase 
calcite. 
augite. 
garnet 


luduskms 


Altera fns    Occur mue 


Very    rare   in 
!granite,quartz 
'  -porphyry. 
I  and  crystal- 
•  line   slates. 


TABLE  V, 

Remarks. 


Poor. 
Fluid  in- 
clusions. 

Rutile 
occurs  in 


rutile,    &  scapolite. 
titanite.  I 

With     j     Very 
calcite,   |rich,  pai- 
often  very  rich|actinolite|  tides  of 
in    inclusions  and  mica    carbon, 
I  I  quartz 


Crystals  in 
limestone. 


Primary  ac-  S  capolite  is  easily 
cessory  com-idistinguished  from 
ponent,  rarelyorthoclase   and    cal 


in  trachytic 
rocks. 


I. 


I  Rare,  in  crys- 
Confused  talline  slaties. 


optical! 
a  n  di 


fibrous; 
changed 

into 
calcite. 


with  plagio-  form. 

clase  as  a 
(secondary?) 

accessory 
component. 


cite  bv  its 
peculiarities 
cleavage. 

Mejonite  is  recog- 
nized   by   its   crystal 


Rect- 


Rectangular 
longitudinal 


angu-  isections  show 


With 

nephe- 

line, 


Fibrous 
decompo 

sition 
with  for 
mation  of 
jgrams,  &;calcite  in' 
■  plates   of  I      the       , 
musco-    j  crevices. 
vite.  ir-  |  | 

regularly    " 
distribt'd 


As  contact 
mineral  in 


Easily  distinguished 

from   andalusite,  op-| 

;  metamorphicjtically,      and      fromj 

i    limestone,     ,chiastolite      by      its 

structure.  j 


very  rare. 


lar     striations  and!  leucite, 
longi-  fibrous  struc-    augite 
itodinal  ture  parallel  tO|       and 
Iseci'ns !  the  shorter  I  olivine, 
show 


The 

fibrous 


Easily    recognized, 


very 
feeble 


ism. 


side  (i.  e.  axis 
c);    these    are[ 
very  fine  spin- 
dichro  '  die-shaped    ; 
cavities  which; 
appear  asm  in-, 
ute   circles    , 
when     cut  at 
right  angles  to 
the  axisc,  ^so- 
called     **spile 
structure") 
Coalesced 
with     leucite 
or  pentrating 
it. 


change 

into 
zeolitic 
substan- 
ces. 


very  abun- 
dant. 


As  primary 

ingredient  of  jhy  the   crystal  lormi 
Poor,     ^structure  jthe  nepheline;and  fibrous  structure.' 
is  due  to -and    leucite-  Easily  confused  with 
basalts  re-     ncpheline   if     color- 
placing  neph-  less,    but     does    not' 
eline,  often   'show    hexagonal  iso- 
tropous  sections.    Of- 
ten    only      disting 
uished    from   serpen- 
tine by  the  light  yel- 
low   color    and    the 
absence  of    remains 
;of  olivine.    From  bi- 
lotite      distinguished 
by  the   lighter   colorl 
and     absence     of 
is  t  r  o  n  g  1  y   dichroic 
{longitudinal  sections. 


Miatrali  ajitaHtxit^  m 
■.    Double  nTr 


Incum-      GnnitUr  'ir  With  panlld 

plrtelo  K  -ryul.  K.-R.«!i-    Rarely 

Se*tions   ,ui  iR-  K.-.K   t>rinned  whi 

full  or        L'suill^   in       fonning   a 

Ciacl»  due  Iflrgri     inili    corapanent  u( 

ip  coQ-     vidnaU      Sn-lrockt. 
I   dtolda!    ,Uoiu  arc  ng- 
.fraduriL     job'  fceiagoo* 


nate  ihin     |    Twinning 

Flalts  O  andl  pUne  a  sur 
(icenf  14  and 


On  account  of  the  minute  siK  u(  the, 
cryt'als  fount!  in  rocks  accurate  dtla 
minalion  is  usually  impossible.  Micro-^ 
scopic  Iridymite  behavn  in  parillell 
ipolan^ed  light  »  ihough  hexatfoniil. 


^ 


the  Hexagonal  System. 
tion  positive. 


TABLE  VI, 


Structure, 


Often 
ored 


col- 
by 

Fe,   O,  in 
crevices, 
or  render- 
ed  con- 
fused  by 
'inclusions. 
Quartz    in 


Association. 


With  ortho 
clase  (and  san 
idine)   more 
rarely  with 
plagioclase, 
biotite,  horn- 
blende, and 
augite.  Never 
occurs  in  au 
eruptives  |    gitic  oliv- 
often   cor  j    ine-bearing 
roded    Co-  rocks  or  in  ne- 


Inclusions.        Alterations.       Occurrence. 


Poor~ln  inin       There  are 
eral  inclusions  nonenlthough 


Jiemarli 


~.:\ 


alesces 

with 


or- 


pheline-or 
leucite  bear 
'thoclase  to'ing  rocks  as  a 

form  mi-    primary   con- 
icropegma-jstituent.  With 

tite  frc-    Imuscovite  and 
quently  in-  biotite. 

granites. 
In  porphy 
ritic  crup 

tives  also 

sphsero- 
lifc. 


Apatite  col 
umns.      In 
the  fragment 
al  states  and 
granites  rich 
in  fluid  inclu- 
sions and  long 
brownish  or 
blackish  curv- 
ed needles. 
In  eruptives 
rich  in  glass 
inclusions  and 
gas  pores. 


changes  due 
to   molten 

magma  are 
not  rare  in 

quartz    from 
eruptive  rocks 
See   corrosion 
and   seconda 
ry  glass  inclu- 
sions. 


1.   Primary   When  granu- 
constituent.     jlar.  often  de 
(a)  In  erupt  'ceptively  like 
ive   rocks  as  sanidine,    but 
component  of  easily    distin 
the  first  order!  guished  from; 
as  macroscop-  isotropic   sec 
ic  fragments  :   tions    of  it. 
in  grains  and 'Distinguished 
crystals  in       from  nephe 


granite  with 
fluid    cavities 
and  in  quartz 


line  and  apa 
tile  by  insolu- 
bility ;    from 


Usually  in 
aggre- 
gates of 
I  minute 
thin    hex 
agonal    or 
irregular 
superim- 
posed 
plates. 
Often  in 
the  vicini 
ly  of  the 
feldspar  or 
I  in  large 
•roasses   in 
the  mag- 
ma. 


With   quartz, 
sanidine.  pla 
gioclase,  au- 
gite, biotite, 
and    horn- 
blende.    Sec- 
ondary with 
opal  and  chal- 
cedony. 


Fluid  inclu 
sions. 


Occurrence . 

Primary  com 
ponent  and 
secondary     in 
rhyolites,  tra- 
chytes,   horn 
hlende-and 
augite-ander- 
ites.     In  gen- 
eral, moiefre 
quent  in  later, 

acid  erupt- 
ives and  more 
rare   in  older 
basic  erupt- 
ives.  Second- 
ary in  cavi- 
ties   of    these 
rocks  and,  in 
that  ca.se,  usu- 
ally in  large 
plates. 


-porphyry     corundum    by 
and   trachytes!  character  of 

with   glassy  'double  refrac 
inclusion,  and  tion,  from  cal- 
also  as   acces-'cite  by  cleav  < 
sory  in    many  age  and  twin 

other  erupt-  ining. 
ives.  As  con- ■ 
stituent  of  thei 
second  order j 
in  the  ma^ma. 
of  these  rocks 

(b)  In  nearly"^ 
all   crystalline!  Microscopic 
slates.  Itridymitemay 

II.  Secondary.be  recognized 

product    by    by  the  form  of 
alteration     of 


silicates  ;  in 
diabase  in 

granular  ag 
gregates,  and 

in  veins  of 
many  rocks. 

III.  In  water 
worn     grains 
in  many  clas- 
tic rocks. 

IV.  Forming 
a  simple  rock. 

as   quartzite 
etc. 


Its  aggergates, 
while  for  the 
larger  ma.sses 
the  optical 
characters 
serve  to  iden 
tify  it. 


Chrmuai 


.\am/.       Comt.     ana     .,'     <, 

V,.  urai'tty       age. 


reod  ttons 


b.    Double  refra 

t'sualCombina'Char.   and    ^.  .   iV^ 

tionsand  formof  Amt.ofdbt.    .,  ,*         ,'      .#«." 

the  Stctums,      refratihm.  nfrt 


|i.      Ca/ 

i 

I 


CaO),  .         2y»-J  .8  Incom- Only  in  irregu    Very  con     <icntfa'*I>  *  t^ 

soluble     with     ^2.^2)      plete     Ur   grains   and  sulerable,   n<it   inict-.M-.  Hhi 

K.     .  cry*>tal  aggre-  .  ncgati%e.     gray.    I  u!  ( 

gato.                                 bri  liJint.%  ^     i 

irn<le*4-rnf  r     I 

Pol)'»ynihetic                          like     tair  Al 

twin      marking                         c|>riijli\  1j 

in-  4  k                                   %» ben  111  <rr 

^null  i^rj  ti« 


eflervi'scence 
with  II  (I.   In 
acetic  «tcirl 
soluble. 


2.    Dt»/o- 

nrsitt- 

nti . 

;    AV/A 
\,'iinfiif>. 
,j.    Klac 
i<»Iiff 


Less  easily 
vtluble. 

still  less 

viluble 
he  (I ),  eisi,> 
sit  ublc      uitli 
effrrvescenie. 


.'95 


-•♦;-.  v« 


alxive. 

As 

abt.ve. 


V7-V*» 


(irain«  ami  K 


As  above. 


Ah  alnive. 


abo\e. 


.\s  jUiiir       \*  ' 


.\s  ali.^e       V'  ■ 


As  .lU'^r       ^^ 


<    III 

. ; '  f 


sij  <).  SiluMe 

•vi-ilv    III    II  <    i 

«  .'li      -  I  I'  i 

.    :.     ..I     ...■    I 
'  I  .  ■  .  '      -.11, 


»• 


■  ■ .         \*    ■ : . 
I  .«■•■■  !■    I 

.  «■■    ■   '•        » 


liiiom      Only  in  Urge 
|»!e'e  gr.iin*. 

Lirge 

lis  .ures 


1  K.rJ'N 
bluish  k.Tr' 


I  .• 


1).  u)  !. 

In      rn     II    V  i.;    r.il  .-.i.-!  •♦•».•.  'i.-:-, 
j     .  »  !       t    ;;'-li  il  '       111       t«  '  '  '«■ 

•  »    .1.  'I    -i.i.     •.■    .  \\-\.:  ■ 
I      •  »    .!..  I'    .    . 
! t.iiiti.. t     lit  I  ' 

Till'. .-,  !«•       :'  "  ^;  ■■  ' ' 


-•    M' 


1'..      :.»     I    .',: 


•nV     •« 


.'    4s*        I 


t     :  I; 


1 

v.. 

.1 


f    ' 


1:. 


II    • 


-    ,    r  t 


\ . 


■I  \ 


(.1 

I 


4'' 


I         •       °     • 
I 


'• »  t. 


••.    .    .  \  '  ■      •«-.■•       1   ..r    '.  «  ».  ll.'    }  !.i    ■    . . 

i!..  ...'•    \  w    '  .i  I  .  ,  I-j  .»!  '  .11    J  •   1 :  • 

■  .  ■ :     '. 


^^ta 


Atrv.         AivxiaiioH.   /labuiaa.         AUtntiOHs. 


In  nearly  all  F 

;-  rocks  which    i 

bear  augite,  vi 

.hornblende,  ir 


or  veins.  D IOI11C     ai 

D  irrcg-  plagiocliis 


liccondary  pro- 
duct, particularly 
of  bisilkatrs  and; 

irimary  and 

MTConilary. 


Well  chancier' 
A  by    thombo-^ 

Ion.  When  ii 
small  grains  no 
ily  di^lermined 
iancc  muM  he 
.'pu  r  ti]ion  the  sol- 
,  uhiliiy  and  colut 
orgiolarizalion. 
'  Wiihoul  the~ 
,  pnhsymhelic 
I       lamelbtion. 


gular      I    Willi  so 
coaler-  Idalite  micro-L 
ith    ihtcline.   horn   ( 


mkaily  dis-  J 
lishahle  froml 


]ir.i.fiictofa1n-r 


y    augUe 
miciohtes 

Uisiially  un 

parallel  to 
the   sur- 

acsrcgan 
elomly,     b 

passa-e  lo 

as  dag-  With     flesh 
oscopic  .  oclase 


eolites  usually  show  iheir  ^condary  character, 
igiludinal  Mrclions.  When  nepheline  appears 
liDguiihed  from  colorless  glass-ma&aes  or  t\\ 
cal  methods. 


silionforniini;c.il-i      .X 

olacolitt 

nisliii^ 

iish<'d 

,,..,...,. 

an    altetalion   af  , 

i«lly  l,y 

unit,   ul 

ler  replieliniM 

A|ip,lrL'tHivniily  ci 

T.L  K^isily  rt 

nephelin(?)orcorl 

0  f.>i  ni 

dierile(?),  largely 

I 


CktMkal 

^, 

1  tiw.;  (■.«*■- 

Ckitr.  «i«/j  PetariM 

A^aflw. 

cemp.    ana 

Ckavagt.     itatiem  and 

Twim 

„mou^   oJ\       to.         1 

= 

i(H  ttfraci 

<^= 

^fK 

~= 

1 

6.  Aparilt 

o,r?i.' 

3  "''-.ViJ 

ly  granu-  irirely  0,  cen- 

Not  strong 

Usually      1 

lar.  P.ra1-1   etally  long 

lUst,<tii  J 

lei  0  and 

columns. 

\ 

in  acids. 

giwsphos. 

plele. 

phoric 

Fraetttrt 

UO  very 

perfrcL 
hence   ihe 

nctdlcs 
are    ruiind 
broken  in- 

1 

to  sec  lions 

L.^ 

nu-iS 

J-9-4 

R  and  oR 

i-3  oR    R  and 
grains.     Hex 

Rare 
in 

Strong. 

Vfty  bril, 

J 

rectangle! 

rock* 

^ 

which   arc 

IruQcalcd  at 
the   angles  by 

1 

R. 

1        1 

Almost  slWy. 

1 

B.      7-«<r- 

Complin- 

30S9 

Incom- 

cryttallinc  K 

Strvng. 

Rather    ^ 

malh*. 

ple.e  R 

i-i.Ji(i-R.). 

brUlianl 

1 

«id  reac 

and  i-l. 

transverse  sec 

between 

lion     Not 

Very  com- 

lions triangles 

red  and 

ollackcd 

plete  frac- 

heiBgons ncm- 

hy  aciiis. 

ture  II  oR, 

hemimorphio 
parallel   to 
main  axit,  oR 

below,  R 

RoR 

above. 

9.  ^f«/or 

Fe-O, 

EWy  sol 

S'9- 

Tabular  plates 

With 

Not  defin- 

VcfYft*- 

A^ 

S.J8. 

Not    char 

oR    i-j  and 

able  on 

ble. 

ubk  in 

irregular 

acconnl  ol 

HCI. 

in  micro- 

plates. 

leli.In- 

scopic    in 

terpen 

dlTiduali 

lion 
with 

angles. 

Minerals  steming 

TStem. 

J:C^.   }s-Mcnoclimc 

yitem- 

TABLE   VIII. 


PUochro- 


tsm. 


ioriess.  If  colored, 
Ite.  red-    wiih    evi- 
bygreen    dent  di 
black      Ichroism. 
iroogh  ! 
Berous 
lusions 
trans 
<ent     as; 
^heline  j 
r    1.657 


Structun. 


AssociaHon 


Known  to  oc- 
cur in  neariy 


In  irregular 
grains  or  long 
often    slender 
columns,   fre-  all  rocks 
quently    bro  , 
ken  into  joints 
by  basal  frac 
,lure       Inclu 
sions.  Only  as 
accessory  com 
ponent.  As  in- 
clusions   par- 
jticularly     fre 
quent  in  bisil- 
icates,     horn  - 

blende    and 
biotite. 


Inclusions. 


ilorless, 
r  6iu€y 
itted.al 
brovrn 
ongb  in 
aions.      blue 
LBds  oatj      c=sea 
II  in  scc-|green 
ms  be- 
f  strong-, 
refract - 


When  col-  Surface  of  sec- 
ured, very   tions  rough 
strong        j     In  round 
w==sky  (grains  or  short 
jcolumns     Zo 
|nary  structVe, 
■blue     nucleus 
and    colorless 
cortical  layer. 


With  quartz, 
ortboclaseand 
biotite,  Pleon- 
ast,  and  anda- 
lusite. 


Glass  inclu- 
sions, gas 

pores     Very 
characteris 

tic  are  black 
or  brown 

j  needles,  or 
minute 

grains  filling 
the  entire 

crystal,  giv 

ing  the  cross 

section   par- 
ticularly a 
remblance 
to  hauyns. 

Central     in 
elusion    of 

glass  etc.  of- 
ten assum- 
ing the 

shape  of  the 

crystal. 


Altera' 
tions. 


Al- 
ways 
un- 

chang 

ed 


Occurrence. 


\  Accessory  in 
'     nearly    all 


Remarks. 


Distinguish- 
able  from 


rocks.    One  of  nauyn    in    the 
the  first  min  ,  longitudinal 
erals  to  stpa-i  section    and 
Irate  from  the  basal  fracture; 


magma. 


«i.76S 
=  1  760 


"Very" 


Macroscopic 

and    very  mi 

nute    crystals, 

rarely    in 


With  orlho-' 
clase  and  mus- 


rhiefly     strong  di    certain   meta 


ginins,  as  m  icovite  in  gran- 


bluish 

gray. 
3wn. 

=  164 


m  black 
tb  me  '- 
lie  lus 
e.  In 
D  plates, 
od  red,! 
o  yel-  ' 
bh  red,' 
brown' 


chroism.      morphic  rocks 
a> -^dark    In  granites  co- 
blue,  alesced  with 
brown     to      quartz  in 
I     black. 
e-=lighl 

blue  to     ten  frayed  out 
brown.         in  a  radiating 
manner  at  the 
end. 


Very  poor, 
fluid    and 
glass  inclu- 
sions; zir- 
con;  dusty 
brown  inclu- 
sions   (in 
"common 
corun- 
dum.") 


from  olivine 
by  optical  pe- 
culiarities and 
fracture. 


Very  rare.  If  granular,  \ 
Contact  min'isimilar  to  ap«' 
eral  in  meta-|atite  yet  rec-i 
morphic  slates  ognized  by  ! 
and    trachytic  colors  of  po- 


[ejections. 


larization. 


I 


ite.      With 
quartz,  ortho- 

clase,  mica      Very  poor, 
and  other   ac-  Fluid    inclu- 
cessory  miner-  sions. 


grains    Large!   als,  such  as   j 

individuals  of- staurolite  and 

garnet.  ! 


Only    in 
platrs  in  crev- 
ices of  miner 
als  "by  infiltra- 
tion.    Second- 
ary except  per 

haps  in  ba- 
salts. 


In    nearly    all; 
rocks  particu- 
larly with  de-' 
composed  bio- 
tite, horn-    ' 
blende,  au-  \ 
gite,  magne-  ! 
tite,  of  which! 
it  is  a  product; 
of  decomposi 
tion. 


I    Into 
'pulver- 
jent    li- 
imonite 


Primary  com- 
ponent,   fre- 
quent.   Gran- 
ular, accessory 
in  many  crys- 
talline slates 
and  in    clastic 
rocks.      Char, 
acteristic    in 
contact  with 
eruptive  rocks 

(See  under  as- 
sociation ) 


Easily  recog  \ 
nized  by  crys-| 
tal    form    and 
pl^ochioism. 
I)istinguishe<l 

from  horn- 
blende by  op  , 

lical  charac- 
ters. 


Easily    recog- 
nized. 


II.    Biaxial  minerals. 

I       Rhombic  Syftem. 
a.     Sections  parallel  O  wUhoui  inierferf  me  fibres. 


Sam^. 


tomf*     ana    /        .. 


rractwns. 


I       OliUtu  Mj4,  .Si  Oj 
.  .  Kc  SiO^ 

(Cr>'-)lilc)  KaUier 
easily  Milu- 
Mtf  in  IKl 
\ikith  sepa- 
ration of 
i;clatinou% 
silica. 


(jrax'itv. 


.V--J-4 


l.'nsttai  (omhi'\ 
CUavof^e.    nations  ^"form 
of  $ntk.mi. 


Twins . 


O/'fHa/    Jrtrr     A-W 
mtmantt         -tr,  , 


Complete  .Tabular  cry>    Very    rare  .\i  ulr     *  .*ev      \\^ 
\i\  i-1,  in    taU  I.  I-I.        i -1  ami  in-    lri\  at    n^h:   cruis 

complete  i-f,  hexaj^onal     lrr|iene     anjjic*  t««  i  I 
in  i-f,  con  M.ction!(.  tratini;.         4     c  { 


»o.' 


choidal  1      i.Vi**- 

:  fracture     i-f     76®  54'.  ' 

In  sections  or  larjjc  roun* 

usually     (le«l  |;rains. 

curvetl 
crevice*. 


b! 


J.  Kxtions  parallel  <>  with  inirr^ 
aa.  (livipikraranir  1^  p 


I    Siiiima-  .\l,    Si  O^  3--3-3-*4    I*arallel       (*oIumnar. 


nite. 


Ins(j|uble. 


i-f ;  frac     I 

ture  of 
thin  ner 
•lies  in    (). 


iir 


optica!  a«.« 
plane       i-i 

aiute  bt\<-«. 

tn\  ai  x\^hx 
jn^J.  ,  •  ■  «  » 

t 

».     a 


r.V       \*.U4* 

II;        1:, 

;« 

1    i    (.••(II 

*ilt. 

1       1 

I 

ilH  olll 
jilclf.  ft.U 

linr  III  <  > 

k.irflv    III    If     lfii«i|etM-        A-  .1* 

j^r.iinv.  t  I  >  s      ( vt  iiiH,  \(  r    li  '  !  !r 
t.iU  I.   I    I       <  >  :r<  jl     .)\r* 
1       I  .**'      4-'*.      Ml.  liii'l  t»r 
\f  i!m  '.1. 

r.irrU    tiii 

I  r« »M  •  'I'll 


I  u   •  I     \I  ^     ^ .    «  ♦ 


V  rf  . 


■     K  ■ 


I  I     •     f(J^    I    •     "     .'«,t» 

;  I    .;  :  ♦  iii|'I«  !r  II     I     1    ■     .    I 

:  I ; ;  I    I  I   I  !•  I.  Ml    I.     .s   ■    'r  ! 

^  I !  r  •  1 1 1 .  » !  If-    -  N     »/•    '       '    . 

•  .  tut.-  M  i*)i  t\^-    :     .  - 

'•  I  Hi    \\\'  I  !    !•',♦' 

•  •  ii  -     11 .1 1  -"n  !f  »,  i   ».  r  :. 

•  .ir    <  >  til  »  1: n-      .» .. 

^•i!r 


%N  :  ' r      1 

1    ..  ■• 


TABLE  IX, 


T     of 

nsa- 

t 


bril- 
than 


Color    and\ 
ifux  of  re 
fraction . 

In  sections 

colorless. 

rarely 

green. 

Strongly  in 

relief 

,f -1.67S. 


Structure. 


Surface  of  sec 
tions  rough, 
change^  in  the 
crevices  to  red 
dish,    brown- 
ish, or  green 
sh  serpentine 
and  has  pico 
tite  inclusions. 
Either   well 
defined    crys 
tals  or  frag- 
ments or  ir 
regular  grains. 


Association 


With  oliv- 
ine, plagi 
oclase,  ne- 
pheline, 
leucite, 
horn- 
blende, 
andbiotite 

Almost 
never  with 

primary 
quartz    or 
orthoclase 


Inclusions. 


Rather 
poor,  aside 
from  mi 
nute  pico 
tile  octa- 
hedrons, 
glass  and, 
more  rare- 
ly, fluid  ill 
elusions, 
magnetite 


Alterations 


Usually 
into   ser- 
pentine, 
also  into  a 
brown,    fi- 
brous   ag 
gregate. 
Pseudo- 
morphs  of 
calcite  af 
ter  olivine 
in   picrite. 
Formation 
of  limon- 
ite. 


Occurrence 

As  prima- 
ry essen 
tial  compo 
nent  of  nil 
basic  rock. 
In  olivine 
stone    and 

picrite, 
melapyre, 
olivine- 
gabbro,  ol 
ivme     no 
rite,    oliv 
ine  di'base 
Also  in  cer 
tain  mica 
ceous  por 
phyrits. 


Remarks. 


Distinguish'»d 
from  quartz  in 

isotropous 
sections,  from 
zoisileby  crys- 
talline   form 
(not  in  nee- 
dles) and  col- 
ors  of  polari- 
zation, from 
augite  by 
c!eavage,  from 

sanidine  by 
rough  surface 
and  brilliant 
colors  of  po- 
larization. 


,  double  refractive  positive. 
trix  (4-)  in  O. 


r  bnl 
ant 

»ut  as 
lusco 


Light  or 
dark  yel- 
lowish 
brown, 
;strong   re- 
lief. /^p^= 
1-66. 


ibove. 


Light  or 

dark 
brown. 

1,7^26. 


In  exceeding 

ly  slender 

long  needles 

often    numer 

ous  or  lelted 

in  parallel 

masses    in 

quartz,  cor 

dierite.  etc. 


Large  and 
small  crystals, 
characterized 
by  many  in- 
clusions. 


With 

quartz   or 

th  oclase, 

biotite, 

and    mus 

covite. 


Very  poor; 
fluid    in 
elusions. 


lAs  prima 

ry,    acces 

jsory   com 


Distinguished 
fiom    zoisite 


ponent    of  by  double  re- 
jcrysialline    fraction  and 


With  Minute 

quartz,  or-,     quartz 
thoclase,    grains,  bi- 


1 
t. 


bril 


Colorless 
to  green, 

strong   re- 

'lief. 


In   irregular 
long  columns. 
Often  coalesc 
ed  parallel   to 
c  with  mono- 
clinic  augite. 


mica, 
garnet. 


and 


With  pla- 
gioclase, 
olivine, 
and  mono- 
clinic 
gitc. 


au 


tumen, 
specular 
iron. 


I  slates;  rare 
j    I'rimary 
I  accessory 

I  * 

in  crystal 
jline  slates, 
jparticular- 

ly  mica 
"schist 


])o]arization 
colors,   from 
andaiusite   by 
double  refrac- 
tion   and 
cleavage. 


Very  poor. 


Into  ser- 
pentine 
v\ith  for- 


!  In    basic 
p'rphyrilic 
eruplives 
as  essential 
and  acces 
sory.  With 
'     olivine 
'     stone. 
Rarely    in 
!     quartz 
bearing 


Easily  distin- 
guished by 
plcochroism. 


Distinguished 
from  olivine 
by    fibrous 
siructuro  par- 
allel to  c.     It 
dots  not  occur 
rocks,  as  ;in  minute  nee- 


mation    ot  (juartz  por 


talc.     Into  phyry,clia- 
basite.         base    por- 


dlcs  as  si  lima- 


nite  Diflers 
from  the  fal  , 
phyry  alsollovving  only  inj 
in  gabbro  absence  of  j 
and  norite   iron.  i 


■  Name. 

Chem. 
Comp    and 
Reactions 

specif. 
Grav. 

age. 

Usualcomhi- 
nations  and 
form  of  see's. 

Twins. 

^        Optkai 
determinants. 

'^ 

4.  Bronz- 

m  (\lg  Si 

3-3-5 

Com- 

Long col- 

Repeated 

\       As  in 

Prtciti^B 

tie. 

O3) 

(3.12.3.25) 

plete 

umnar 

twinning  in 

enstatite. 

c     ^»  __-i^^B 

-f  n  [Fe  Si 

I 

I .  i-i 

%'\  giving  the 

ptnddtofl 

O3] 

and 

i-I   prevail- 

cleavage 

^  '^^V 

Insoluble. 

partial 

ing. 

plates  in  i-i  a 

simply   fl 

\ 

in  i-i. 

very  similar 

wavy  appear- 
ance. "Knee"- 

wm^td 

to  mono 

shaped    twinsj                         ;ofLeiiiBii| 

clinicaugite 

in  m-i  in 
stellate  groups 

1 

Secdovl 
pcrpeodiol 

occur  rarely  in 

jular  to  tt| 

1 

porphyritic 

optical  ud 

eruptives. 

show  OMI 

1 

ringornoM 



c.  AntJio- 

n  Mg  Si  O., 

3^87- 

i-i 

In  foli- 

Optical    axial 

Positive, 

phylUte. 

-h  Ke  Si  0; 

3"5 

I 

aceous      1 

plane  parallel 

strong. 

Insoluble. 

i-1. 

masses  rare- 

i-i acute  bisec- 

incom- 

ly  in    crys- 

trix  at     right 

plete. 

tals.   Sec- 

angles to  O 

tions   as  in 

c'=C 

monoclinic  j 

b=b 

hornblende,  j 

a=a 



1                     1 

bb. 

1                           1 

Disappearance  of  obtuse! 

I.     IIvp  '     As  in 

If'                             1 

I 

Liri^i-  irrci;-   Knce-shapcd 

0[)l  axis  plane  Parallel    to 

Yrst/wni'.        nronziie 

com 

ular    j^ rains 

twins  as  in 

parallel  i-i      O    positive," 

Init    with  ' 

plele 

and   minute      bronzitc. 

obtuse     bisec-  to   i-i  n^- 

1.     Profo- moTQ  iron. 

i-i 

columns 

trix    at    ri«;bt   ative,  fee 

dasitv         '                      ' 

1 

con- 

with    the   , 

angles  to  O 

bier  than  in: 

and                           ' 

choidal  comhinati'n 

acutebiseclrix 

mono  clinic 

inisi/i\ 

frac-    1 1  .  i-i.  i-i, 

at  right 

augite. 

(See 

ture  i-T  also^2-i.  j-I 

angles  to 

below.  ^ 

incom-      3-J-3-2.      ' 

'-' 

plete 

c'     C 

I  -      1 

b-^b 

about 

ri--a 

j 

9^° 

Large  axial 

! 

angle. 

1 

Protobasite  (diaclasite)  and  basite  have  the  same  composition  as  bronzite  4-  H,  0.  In 
.sharply  defined  crystals,  columnar  grains  and  irregular  scales.  Cleavage  i-i  and  I.  Opt.  axis 
plane  |  i-i.  obtuse  bisectrix  at  right  aiiL^les  to  ()  ,  the  acute  bisectrix  to  i-L  Specif,  grav. of 
protobasite  3  054  of  basite  2.6-2.S;  the  former  is  is  light  yellow,  with  rather  brilliant  polari- 
zation. In  gabbro  and  porph.  augite-bcaring  plagioclase  rocks,  changes  to  basite  which  is 
dirty  light  green,  and  is  always  a  product  of  decay  of   rhombic  augite. 


TABLE  X. 


Cohr 
lir-1    and  Re- 
fnution. 


Struciure. 


Associa- 
tion. 


Jnclusmts. 


Altera- 
twm. 


let-  |,iz=i.6;^9 

iDce 

ton 

oc 

■riy 


hril 
ttas 


nic 
;ite. 


Partly     in 
Dark  large  ir- 

brown.         regular 
Slight         grains  in 
pleochroism'   coarsely 
granular 
rocks  part- 
'lyinsharp- 
ly  defined 
crystals  in 
f>orphyrit 
ic  erup- 
lives. 


I 

With  j Inclusions  ot 
olivine,  brown  rccl- 
pla;;io-    angular  plates 

clase,        or  opaque 
mono      needles  paral- 

clinic    '     lel  to  i-i.     , 
augite, 
magne- 
tite, as  i 
enstatite' 


Occurrence. 


Into  a 

green 

fibrous 

aggre-    , 

gate  as 

I    basite 

with  Sep-; 

aration  of 

rCj^  O^  orj 

Ke.^  (),  .    1 


As  enstatite. 
Olltn    replac- 


Kctfitirks. 

Distinguished 
from  augite 

only  by  study 
ing  nionoclin-l  ol  transverse 
icaugile  ases-;    section  and 
sential.     Also  perpendicular 


in  later  basic 
eruptives  and 
coarsely  gran- 
ular older 
rocks. 


It 


Dark  brown 
.:*/[>  ^-=1.636,  ; 
relief     faint 
:>trongly 
pleocroic.    1 
I'arallel      to| 
c  greenish  , 
yellow,    at  j 
right  angles' 
reddish 
brown.      I 


Inclusions 

as  in 
bronzite, 
longit  sec 
tions  seem- 
ing fibrous 
on  account' 
of  cleav- 
age. 


With 
olivine, 
plagio- 

clase, 

augite. 

and 

horn- 
blende. 


Minute  brown 

and  green 
;  regularly     ar- 
ranged  scales 
like  mica. 
Otherwise 
poor  in  inclu 
sions,  magne-l 
tite.  ' 


Very  rare, 
accessory     as 

secondary 
product  of  de- 
com[)ositionof|   pleochroism 

olivine  in 

galibro  and 
,oli\in«.'    stone. 


extinction     in 
longit.   sec- 
tions from 
hypersthene 
jby    pleochro- 
ism and  d'ble. 
refract.,   from 
I   hornblende 
land  biotite  by 
I     absence  of 
strong  pleo 
chroism. 

Distinguisha- 
ble from    bio- 
lite  by   cleav- 
age   ami.   of 


and     size     of 
axial  angle 


:tri\  (  -}  in  () 


tier! 
.1-  ! 
»t. 

iz- 


Light  01 

dark  brown, 

black  bv 

inclusions. 

.^-^  1  639 
Pleochroism 
strong  Axial 

colors  a-^ 

hyacinth  red 

b-= reddish 

brown. 
C^  ^grayish 

green. 
</  .,  tt  ,  b  . 


In  large 
irregular 
grains  in 
granular 

older 
rocks,  in 
[small  crys- 
tals in 
I       later 
porphyrit- 
ic  erup- 
tives. 


With 

plagio- 

clase, 

olivine, 

and 
mono- 
clinic 
augite. 


In  the  granu 
lar  varieties 
I  innumerable 
brown  or   vio 
let    rectangu- 
lar scales   in 
the  cleavage 
lines    parallel 
i-i.     In  crvs 
|tals    regularly 
I     arranged 
'        opaque 
Ineedles  other- 
wise poor. 


Decom- 
I 
poses  into 

fibrous   \ 

a|;gre-    ; 

gale   par- 
allel 10 
axis  c'',   , 
with 
dirty 

brown  or 
green 

color,    as 

enstatite. 


In  jirains  in    ■ 
gabbro.  nor- 
iles,    in    later' 
eruplives/par- 
licularly  au- 
gite    andesite 

and  in  feld- 
spathic  basalts; 
poor  in  olivine 

as    primary 
necessary  com- 
ponent and 
with  mono- 
clinic  augite. 


Distmguisheil 
from  mono- 
clinic     augitej 
only  by  effects 
of  convergent 
polarized 
light,    from 
bronzite  by 
strong  pleo- 
chroism. 


The  three  rhombic  augites — enstatite,  bronzite  and  hypersthene  are  chietly  distinguished 
jiation  in  amt.  of  iron,  accompanying  which  a  variation  in  angle  of  the  oj^tical  axes  lying 
t  plane  i-i.  Rhombic  augites  distinguished  from  monoclinic  by  inferior  brilliancy  of 
ization  and  feebler  double  refraction.  Isotropous  sections  perpendic.  to  opt.  axis  in  mono- 
:  angite  exhibit  two  or  three  rings  and  bands  while  the  rhombic  at  most  one  and  ako 
polysynthetic  twinning  ij  i-f. 


Jn  uftims  .  A>  O  tk^  axtaJ  mk  f 
aa.     Diuppearance  of  tW 


Chem, 


Same 


Csual  com- 


Comp  ami^/^J^'    CUm^gf  ^hinatumt  ^ 


rftu'hons. 


.  Grav. 

I      _  - 


I.  AnJalmiit.  /AI,)SiO^  3. 
Chta«»tolttc  is  a  Insoluble.  3. 
varicly  with  sp  ' 

j;rav.    j.i;-vi. 
charactcri/rd  by 

reculariy  ar 
ran(;c(l  particirs 
of  carlK)n  in  the 
centre  an<l  four- 
angles  Occurs 
in  met  amorphic^ 
slates 


10- 


2.    Conittriu,  Mjj.  i  Rj 

a)ichn)ite)  Si!  <  )„ 

hnilc    is   a    <le-  (Rj       Al. 

com^NHkition  Fe^, 

pnxluct    of    the  Almost 

above, con fkistini;  insoluble, 
of  minute  fibres 
an<l  s<*alc<i.       ' 


plete  in 

i-l.   i-f 

and    I -I. 

I      uO« 

Fracture 
0 


\  form  (^  Sees  A 
f" 
I*ri!imatic,Ix>ng     col 
in   I.     'umns  I  .  (>. 
Incom-      1-1,  more 
rarely  gran- 
ular Tran*- 
verse  sec- 
tions (|uafl- 
ratic.longit. 

sections 
rectangular 


Opt-  a\is 

plane     i-l  . 

.\cute 

b.sectnx 

O  . 

c     a 

b     b 

k    c 

Axi.tl  an(:Ir 
r<»nsuJcT- 
able 
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In  large       Inter-     Opt.    axis 


2J^t    1  Incomp.  'grains    and    pcne     plane     i   I 
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crystal*,      trating     Ai  ute  bi 
I  .  i  1     O  .    twins   iectn«     i » 
Hexagonal    multi- 
cTKtss    sec-  ple%  in 
;tion«,    rect-  i,  more 
'     agonal        rarely 
l«»fi^:l.         Ill      I     ; 
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sMe;  durable  refraction  negative. 
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TABLE  XL 


Structure. 


Association 


Rarely  in  With 

grains,  almost     quartz, 
always  colum-  orthoclase. 
nar  like  stau-     biotite, 
rolite.     Often  muscovite 
so  full  of   in- 
clusions as  to 

ob-icure  the 

andalusite.    ! 
Often  in  radi-' 

ating  aggre- 
gates of  long  I 
needles. 


Inclusions 


Sometimes 
poor,  often 
as  in  met- 
amorphic 
slates,  rich 

in  quartz 
grains, 

bitumen 
and  scales 
of  biotite 


Alterations 


Often  into 

greenish 

fibrous 

aggregates 


Occurrence. 


Never  in 

microlites.   In 

large    round 

grains  or  small 

crystals  (in 

eruptive 

rocks.)  .A.met- 

amorphic 

mineral. 


With 
quartz,  or 
thoclase, 
and  biotite 
With 
quartz 
sanidine, 
pleonast, 
and  corun- 
dum. 


Primary  ac- 
cessory in 
granite    and 
cryst.  slates, 
as  metamor- 
ph.  mineral  in 
contact 
schists,  etc. 


Remarks. 


Fluid     in- 
clusions, 

sillimanite 
needles, 
pleonast 
crystals, 
zircon, 

glassy    in- 
clusions. 


Very  fre 

quent,par- 

ticularly 

when     oc 

curing  in 

grains. 
Changes  to 
a  fibrous 
green    ag 
gregate  re- 
sembling 
andalusite 
(pinite). 


-  _   _  «- 


Rare,     as  ac 
cessory,     pri- 
mary   constit- 
uent of  gran- 
ite,    quartz — 

porphry 

(pinite)  and 

in  grains  in 

gneiss.  Rarely 

in     Trachytes 

and   trachytic 

volcanics. 


Distinguished  from 
augite  by  pltochro- 
ism  and  perpendic- 
ular extinction; 
from  enstatiie  by 
character  of  double 

refraction;    from 
hyperslhene  by  col- 
or and  double  re- 
fraction,  from    zoi- 
cite  by  pleochroism, 

form  of  sections 
etc.;  more  difficult 
to  distinguish  from 
sillimanite  which, 
however,  occurs  in 
minute  needles. 

In  thin  sections 

much  resembling 

quartz,  but  may  be 

distinguished  by  the 

decomposition. 


n  O  (negative.) 


The  trans- 
verse fractures 
of  the  long 
columns  is 
characteristic, 
also  the  inclu- 
sions. 


With 
quartz, 
ompha- 
cite,garnet 
mica,   and 
horn- 
blende. 


Fluid  in- 
clusions 
are  nu- 
merous. 


Frequent- 
ly cloudy 
on  the 
edges. 


Frequent  in 

crystalline 

slates  as 

eclogites   and 
particularly 

amphibolites. 


Easily  distinguish'd 
from  apatite  by  op- 
tical peculiarities, 
from  andalusite  by 
cleavage  in  ()  ,  and 
the  pleochroism  and 
colors  of  polarizat'n. 
Never  microlitic  as 
Sillimanite.  It  dif- 
fers irom  olivine  in 
crystal    form,     etc. 


11.  i>-  2.    Monoclinic  minerals. 

Appftrently  hexagonal  (or  rhombic);  highly  perfect  cleavage  parallel  <> 
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a.  Mcroxrne.    K,    f  Al,'), 
{Hiotitf)       <\^  llj  (),, 

b    KulH-inne.    and  Mgi, 
l)iffcrH  in  the  Si^   (),|   in 
brownish    reel    ratir)  of 
or  vral  rc<l  col    1:1  or  \\i 
or  from  biotite    (Tschcr 

of  which  it  ni:iW,  De- 
seems  to  be  a  eom|K»Mrd 
pyrogcne  pr«>-  by  H,  SO, 
duct  of  altera-  c'mpielely 
lion.  Occurs  with  for- 
in  basalts  and  mation  of 
lava.  skeleton  of 

c     Pkloj^opiU.  silica. 
Can  be  distin 
guishe<l  by 
chemical     an 
alysis  and  the 
yellow  or  li^hi 
i>rown     color 

A   magnesia 

mica   nearly    Accordmg 
free  from  ir<.n  i,,    IVhcr- 
j    mak,    a 
d.     Ani^miti  mixture  of 
'  lb<»(itc-|>jr<k)         If.    K  , 
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Tu'inx. 

Kare. 

Iwm- 

ning 


Optttai    dtter 
minantt. 


a\ia 


Opt. 

plane        i-i 

and    p.ir.dir!  |«  ^ 

two  opp«tMte  ftKtl 

si<K*    of   the  ti»c*, 

hexa|**>n  MaaE 

Acute  fnHTi  ai 


'    Vsual  cotmbi- 
Cltofage.  I  nattoHt  ami 
form  of  sec' s. 

i  O  very    I  almost   tjo^ 
perfect        I.  i-i'  O 
Separati'g    Thin  plates  or 
in    -1-3'  short  mlumn*.    plane 
and  4      Sections    par    I      Indi 
(i-i)     cor- allel    to  O  are    vidu'N 
ircspondi'g      hexagonal     dist<»ri  d 
•to    sliding  plates  uithout   so  as  to  trix      a  vary    oul 
■  or  pre>      fractute  hnes.     Ikt  at-     mg  little  fr"*n     tpu 
!       sure  Often  with       tached      the    |»rr|»cn     *rt^ 

planes.         sliding  planes      in  a      ditular    to  <>  \  t  im 
1  an<l  three  s)s    plane  al-    Axial    :kni::J.t     ;».«i 

I  tems  of  lines   mt>st  par    u^ualh    %rr\      p»n 

intersecting  at    allel  to      small        ;    -    t*,icr 
fo^   The  Ion    O.  Often  I  j".  varuMr.     U 
int'riam-    *Kcasu»tiai;*      %tt\ 
ellated    lar^^e.  \arxiri|;    ytii 
when  tilth    the      \t^\A 

only  rec-     amount    *4     rtxM 
i»gni/a       iron.    I»i*p      a*-*, 
ble  in  |hi  ^>     • 
lari/e<l 
light. 


gitudinal  sec 
tion  reciangu 
lar  with  nu 
mer<»us  tieav 
age  lines  par 
allel  to  axtsc' 


Opiual    ;t%i. 

.\s  in 

As  in    inerox 

planes        \  \ 

Na 

meroxene. 

cne. 

aalm«><»t       (1 
1  Axial    anjjlr 
l.'-ir»"     l»i»; 
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\  n  \     |>i  r 
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hr\    ^    •  -.  ^ 
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suiaU  XX    :. 
angle  a  ^  * 


m        1  /raft^n 

Aaenalim 

hiclusians. 

Alterations 

0«urren< 
InT^nrly 

Remarts. 

I';.i,ily  rTcog 

nr         Brown   |   Primsrj,  as  ,   ffaually 
iriy  1     black,     lUree  crystals)      wilb 

Gen1:'rany 

Into  chlo 

free  from      rite  like 

all  rocks 

nued   by   the 
cleavage    and 

liant.  darkgreenl  (in   eruptive  ■  quartz  and 

WHS.  i  ,i=i.fti.  1    rocks)  fre-    |     ortho- 

but  mil       Willi  ep.       :is  neces- 

ch"oi"mC^r^i 

thin    1  Pleochro   quenlly   frag- tlast-.  also 

rarely        dr>[L>  iiii.l  |  -ary   j.ri 

B»ir     ism  sirongi    mentary  or   >ilh  horn 

with  (a*         e.ileite     Imary    eon 

sections  not 

i«nt,:  in  long't.     with  0(,aque  .   blende, 

jdenchroic    as 

mas.se~  of  'brown  col-;one  oi  the 

'andbnearl    icomp.    of   .rar'Jy  with 

cpidol.e        or,    be-     first  tn  ap 

Not  green  as 

■ly  alike         first    order);  laugite  and 

needles  or!     comes      (learoriht 

ehlotne.  nor 

regu.arly   green,  cal. 

mineral.. 

fasciculate. 

.parallel  to'scales  parlicu-. 

arranged  .cite  pene 

Pr.,du.t  o 

c-a.>*      ilariy  in  crysl 

slender    'rales    l>e 

a^yellow-  talline  slates 

needles  of  iween   the 

or    augile 

1    bright       or  scattered 

rutile.         scales,  nee 

horn- 

Ibrown,   at  throujih  the 

dies  of  ep- 

blende. 

'  right  an-   magma,  as  in 

idiite  np- 

rarely  ol 

gles  ^          basalts,   etc. 

ipear.  Also 
formation 

'C-^broun-  (comp  of  sec- 

Conlact 

.black.         onii  order. 

c>b><i. 

iteormag-'metamor- 

nehte  on  |phic  slate 

! 

_    . 

periphery. 

^     - 

aox-  Ked-br'wn' 

With  oliv- 

Becoming  Rare  in  ol 

ine  and 

green    lo    ivin- -lure 

ism    feeb 

aciinolite 

colorless  i 

ler  than  in 

as    abme.' 

UilTuult  to 

0<(Hrr.;.,-' 

|Cotorles,s,|Aspnmiiryin 

— WiiiT 

microscopic- 

bril-|lightgrten! large  plates 

Karely 

Primary  in   granite 

ally  from  talc. 

irrid-'oll    green.  In  fascicuia'.e 

ihoelase 

needles  of'lm  p^iMicmar  in  loiir 

,  reti"                        and    radiate 

rutile.     jinaline   granite,)    am 

an    nncluous, 

low.                         agKrcgale.  As 

plates  of  fy"'"'!'""   sl.Mcs,    as 

inelastic.  light 

'                     secondary  in 

specular  ;gnei-s.    n.ica     schist 

green    niusco- 

1                    aggregates  of 

iron,  or    '""nd  slalc.  In  noothe 

vile.    «hich 

minute  irreg 
'                   1  ular  scales 

columnsot'focks  primary  bin  a-, 
lourma-     product  of  alteration 

regular  scales 

Li"""'""' 

lin,  or  Zir.l'i'    fekKpars.  ehi.i-iu 
con                lii<^-  li>'beii.Tile.   eii-. 

co'^dbne 

1                   lOsually  in  ir       With 

- ^!      A  primary  con,iu 

slat.':.. 

'Colorless,    reyularly  fell    quarti,  or- 

-^nc:!---'^"'^^-;: 

,\l..rnthemi 

while,    |e<i  or  r..-.etle     thoclasc. 

.       light     ,  shape.!  radi    '    mi^^a  or 
'green.        ,  atmgaKK'e-  ;*i''i  "ug- 

linobte      'l^"'    Secondary  pm 
As  musco-''"'-'"f ''"■'""!"'■'"'" 

^eall'with 

gatrsof  mi-       ite  anu 

nute  scales,     iolivine. 

ami   borul.lende,  pir 
- licularly  Mll-t.ititeal 

.icid  i=.  the 

rery     Light  to 

XotliiTa-r^           - 

With 

^i;    dark  green 

scales  but  like 

quani,  or- 

P.«r.hem    ,!."a 'J.',', ,';";■,';;.  '"""' 

.\i-"   hol- 

'((  -1.^7^ 

laL-  as  aKCre 

thocisse. 

iniiilli.  |«ii- 

Pleoctlro-  1  gates  cf  mi- 

biolile 

i<im  feeble  nute  irregular 

"'^-■.'''t'^^'rolel'nf  m'"r'''u 

inenrilc  chlo- 

scales  r.i'ttate 
or  disperse. 

as  primary 
const. 

and'rn,llet;teJ.orublende\n 

.liue.'and  ott 
relile.    Rare. 

!     Cfum. 
Name.  Comp  ami 


Sp€(if. 
Grai'. 


Cieav 
age. 


I  Csual  com/nma- 
tions    ami  f(*rm\ 
of  settioMs. 


%%..     Optical  axU  pUn«  «   i-i\  pi 
Tuntu. 


Optitai 
dettrmmaHts. 


A«4 


la    (>r- 

tkMlasf  K ,  ( AI.)  Si,  2.  $0-2 . 59    Very 


0 


u 


Not 

atlachc'l 

by  nci<ls. 


(.'•57) 


per  fee  I 
I     Be- 

■  tween 


In  (;;rains  or 

colnronnr, 

U  .  \'V  .  I  . 

()  an<l  vmielimcs    lab 
i-i'         ular  or  more 
arif^lr    rarely,  in  niin- 
St^°40'      lite  crvlals. 

\V  10 

i-i .  l-i  . 


Frequent. 
0)Oftene!^l 

accord  in)|[ 
to  KarKbad 
ly|>c.  Twin- 
ning   plane 
i-i 

{1)    Iia%'eno 
type.  Twin 
nin^;    plant 
i-V.  I 

'i)     RareK 

Manebach 
type. 


Optical  a\i*        Ncfat. 
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to  (>  formini;  an      \ttam{ 
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TABLE  XIII. 


Colored 


In  small  hornblende 

or  rods  and  rarely 

uplive    withnugite, 

Ofleo  plagiocla; 


bio  tile 
fluid 


o-]phyriii 


Colorless 
clear. 

•     ii  /■-- 
1    '-S-tJ? 


leconii  on  It 
Thebree 

"Cc.urc'd!' 


orthoclase 
a:!!o  with  '( 
nepheline  .( 


comii.    i|.i-L- 

|.^.i-, 

ed  by 

.iL.i-n 

thynlitfs, 
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ynlheli 
of   thr 

of  orthoclase 

rocks.      Tn 

nearly  all 

later  plagio- 

clase  rocks. 
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ami  ^P'^^f 
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j    I     Aforu^' 
clinif    Au'  R  '^i  f), 
'f^te  Croup  R      Mg. 
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Rarclv  in       Verv  frc 
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axial    angle      t*i 
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TABLE  XIV. 


I       Color 
far-     and  Rg- 
fiffi.!  fraction 


Structure.  \Association'InclusHms.' Decomposition.    Occurrence. 


Remarks. 


«nr 


Bit. 


In   section 
green    to 
'    brown, 
Mb-  loften    vio- 
M|7  jlet    brown 
jKe  .in    basalt. 
j^t  The    same 
crystal 
often  ex- 
hibiting 
several 
coloi  s. 
'Plcochro- 
ism  usual- 
ly   feeble. 
In   phono- 
Jite  it  may 
be  strong. 
i  c,  a;b. 


with  oi 

without 

olivine 

and   bio- 


hiende, 
and 
quartz. 


Greenish 
brown. 
I   Pleochro- 
'  ism    verv 
I  feeble. 


twins 

these 
bands  pass 

through 
both.   Oft-  lite.  Rare 
en  with  so-    ly  with 
called     '    ortho- 
•*hour-    Iclase.horn 
glass" 
form,  when 

sections 
parallel  to 
i-i  fall  into 
i    4  areas. 

Also  in 

columns 
and  micro- 
,'.ites(II.O.) 
'■    crystals 

I   often  in  1 

I  »a'-J?eag-,^ViIh"-^ 
gregates&    gjodase, 
radial         common 
f^.*"''"!?"   __augite,  ol- 

Only  as         {vine, 
'  large   ir-  ,     horn- 


In    large 

crystals       Chiefly    lAbundant  Into  chlorite,  Later  porphy- Easily    recog 

(I.  O.)       with  pla-  igla.ssinclu- calcite,  limon- rilic  eruplives  nizcd   by    oh 

with  zonal    gioclase,   sions,  apa      ite.  epi<lote      as  essential    ijquiiy  of   ex- 

alt>nating  nepheline. .  tite  nee-      an<l  tjuartz,    and    primary,  iJiKtion   of  c. 

colors*.    In     leucite,    idles  and    ps'udomorphs    in   diabase,    c.  the  prismat- 

magnetite,  of  any  of  thesej  augite  ande       \q  cleavage 
'  after  augite.  j  site,  and   all  ,with  angle   of 
'     Into  opal,     j  ba.sall.s,   also  jv^yo  esi>ccially! 
More   rarely   andesiles,  tra--  jp   crosr*  sec- 
into  horn-     chyles,    phon-    tion     Liable 
blende,    the  oliies     Rarely  to  Ik' confused 

■  form  being  re-  in  large  grains     ^jih  horn 

■  tained  but  the  in  older  erupt-  blende  in  sec- 
Icleavage  thai. ives  and  crys-jijons  inclined 
ofhornblende.ltalline  slates,     toe.       When 


Into  serpen- 
tine with  talc 
and  chlorite. 


augite  IS  near- 
ly colorless  its 
I  polarization 
1    colors  are. 
vivid  and  like 


olivine. 


I 


Like  At  the  ends    PriiMniynhun- Often    .similar 

bronzite   i  changes  into   dnnt    in    gab-j   to    bronzite 
withinclu-l  dark   green      bro,    norite,    in  sections    or 
'   sions  of   I  strongly  pie    Irarc  i)()rphyr    plates  parallel 
I     brown      ochroic    horn-  itic  eruptives  1   i^  i_i  easily 

grains.    In  and  rarely'  scales  of  blende   fibres..     In  olivine     recognized.' 

inclusions,.       with      \  goelhite?    Into    viri<lite,  stone  and  .ser-' 

in    fibrous  quartz.       'parallel  to   also   serpen-  jpentine. 

and   twin  ,  Tc)  With  *"*•  other-; tine  with  for 

ning  char- 1    ^y^^xK^     1^'ise    poor     mation  of 


regular       blende. 


Orass 

zreen. 


do 


aclers 
much   as 
I  bronzite. 
Often    CO 
alesced 
.with  ordi 
nary   aug 
ite.  horn- 
blende 
•mica. 


fl- 
at- 


Light 

grocn— 

colorless. 

Relief 
strong. 


horn- 
blende, 
garnet,  zo-; 
isite,  dis- 
thene,  and 
Tuiile. 

(d)  With 
i    olivine, 
^"^  chromite, 

diallage,  & 

Only  in  unj  rhombic 
altered    laugitc. 


in  inclu- 
sions. 


gr'ins  poor 
in  inclu- 
sions. Oft- 
en coalesc- 
ed with 
horn- 
blende. 


(e)  quartz, 
horn- 
blende, 

scapolite, 
plagio- 

clase,  and 

titanite. 


(c)  Rare, 
fluid  and 

rutile  nee 
dies. 

(d)  Rarely 
glass  in- 
clusions. 


chlorite  and 
talc. 


Rare; 
m  crystalline' 
slates. 


(c)   In    ecli  g-  C'ulors  lighter 
ite  and  am-     than  in  augite 


Iphibolitc 
!(d}  In  olivine 


proper  (less 
iron).      Differ 


stone    (j^rima-  from    diallage 
!ry)  rarely  sec    in  absence    of 
'ondary  altera-,     complete 
;tion  of  garnet.,    fracture  in 
;(e)   In  crystal-  i.i. 
line  slates. 


\am^.     Comp.    and\u     •''  IClrai'aee  bituitu>HS  <5t*  Tuntu    .^   *  . 
rrtwhapu.  '  form  cf  Sen. 


i.  Atmite.    Sa-i    (Fcj  ),  3.53-  iComplcle  In  grains  or      i-i 
I  Si,  ()„      ,3.55    ,     I87^  .  long  flat-  ,    fre- 


dderminamis     Refr^ut 


incom 

pleie 

i-i. 


I  tene<l  col*  quent 

(plancft    i-i 

l>eing 
I    largest  ) 
'I  .  i-i.  i-i' 


g.  U'aJ/as 

it09U£i' 


CaSiO.      2.7H- 
C'omplctcfy    2.9 1 
dccom|K>»'d| 
separating  { 
galaiinou%  1 
silica. 


Parallel 

i-i,  0 

and  I-i 


I     87*^ 
Almost 

alwayii  in 

irregular 

fibrous 

long  prisms 


do 


As  augitc 


augite. 


,  Opt.  axis 
'      plane 


Cm 


rn 


<- 

bi 

bn 

l*t>MtiTe.       C 

strong,    c  ^  ■ 

fornik   aa 

.Apparent    angle    with     ^ 

axial       ()of^2'   ii'hn 

angle      70®    ac     tz' 


c< 


C« 


2       ifom 

mRSiOj  .  . 

?   «- 

HfMJr 
(ironp. 

K     Ca.  .Mg 

\  s 

CttmmtmZ" 

Fe. 

Htit.tlth 

Kj         Al, 

//■'//.'  /I./ 

y  -i 

('.        \'U  ir- 

\\  h.  fi 

j^'.iit. 

I  >>iit  utiin^ 

(  •>iii('.tre 

iii.it  \\    ir>n. 

iir.ilit'  *  > 

.lt!.»     KV   1 

«.  ur  ■>  w  i\\\ 

-Ii^i.tlv     l»\ 

•  inph.i'  ilr 

.1)  lU 

iJ   HlKt, 

/••i*if»-  .ii»-l 

r  i:iU-   1 

<  .1  \!.:  N,^ 

;  o.'r> 

/  f'n 

0,       «    1  1  c 

;  «»• 

.i?r 

tliuk 

\  .   \! 
l.ti'.r  if'»ti 

»!      .' '  ". 

V  .1  >H  >. 

-  '*% 

.// 

I'r.  J.  .'..Ir: 

- 

•"r*-      •  r  \' 

I:.^.  .    Mr 

!  I    ..r 

;    1  very     I  .  i-i'     i-i     Kre- 
pcrfect    and  (> .  1  or  <|uent 
i     with       I-i'  almost      i-i 
angle    of    always  in 
124*'   11'.     cr>'.taK. 
I    I  .uj«l     Lr^N     s-  I 
I    i  '  !i    11-   U^il.ll 

iinpcj  !••».  t  U  \\t\  i;^"ti'. 

n.»I,    l«»n^it. 


\>  1  "ti^           N|«Mr 

.iIm.\  f,  «  '  'iiiiim  •      t  .ir«  !\ 

Ir.i'  tvirr  jnu.iIIn     h-  -t 

!i  .iii'»-  !cr  mill  I'll 

vcrvr  I       ;    i" 


I    I 


\e 


•'•i: 

■« .' 

r;  Im 

*  •  •• 

.iiniiN 

:  i    I  ; 

h'  •  fj'  -r^ 


I ; 


■4 


opt.  axis      Negative, 
plane     i-0.   rathrr  trw    br 
Acute  bisrc- %tning  thaa  ill 
trix     a  augiie         m 

falU  in  the    Fstini  ti-^n 

.in^lf    <.       !  ;        .     !•» 
b     \>     K?.i'   a      .      7; 
axial    anj^Ic    a     a'      .'.|" 
al'uul  7.1*  ;»^ 

I'oNitixr      c 
axi.ii    anjjir 

var>  iH)^ 
Mith      a  nit 
'.I    I  r   <  »|.f 

jK*Jf  V   '«!» 

ri.-H 
(  »  ari'i  I 
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TABLE  XV. 


Structure. 


AHeratitms. 


In  large  crys- 

n—  itals  in  syenite, 

c     .often     frayed 

n      at  the  end.  In 

rer     minute  crys- 

.tals  yellow  or 

jdark  green  in 

'trachytes  and 

I   phonolites. 


With  elae-|  Metallic 
olite,  soda-' particles, 
lite,  micro- 
line,     and 
biotite. 


I. 
rish 

I 


In  fasciculate 

or  radiate 

aggregates. 


With   cal- 

cite,  green 

augite, 

granite. 


Fluid  in- 
clusions. 


Occurrence. 


Remarks. 


Not  rare  in   elaeolite-syenite, 
Phonolite,  and  trachytes. 


(g)  as  product 
alteration   of 
contact  miner- 
al  rare    in 
granular 
limestones, 
which    have 
been  the  re- 
sult  of  nicta- 
merphi^m. 
Rarely  in 
phonolite  etc. 


(g)  Very  similar  to 
tremolite.  distin- 
guished by  angles 
of   the  prisin    and 

solubility. 
Difficult    to  distin- 
guish from  zeolitic 
substances   as 
scolezite. 


IgC     1=124* 


!n-    In  large  crys 
rn.    tals  or  grains 
.62  I  .  O  .   rarely 
firo-  in  small  crys 
ith-  tal.^    and    mi- 
ang  croliths  II. O  . 
el-    Green     horn 
>h     .blende     often 
or  fibrous, brown 
ry    ^zonal.     Green 
>w.    homb.     often 
fl-    I  coalesces  with 
sh  augite. 

n. 
£k 
en- 
»wn 
>a. 


With 
orthoclase 

plagio- 

clase, 
jquartz,  bi- 
otite rare- 
ly   with 
augite  and 
'    olivine. 


to 
c 

D. 

ro 

er 
rk 

t. 

jI- 

li. 


Needles   or 

grains  often 

fibrous. 


In  columns 

and  fasiculate 

aggregates. 


With 

quartz, 

mica, 

chlorite 

and  rutile 


With    cal 
cite,  oli- 
vine, horn- 
blende, 
and 
diallage. 


Poor. 

Fluid  in- 
clusions, 

glass  and 

gas  pores. 

Metallic 
particles 

and 

apatite 

needles. 


Yellowish 

fibrous,  epi- 

dote,  calcite 

and   limonite. 

Often    on  the 

surface  to 


Primary 
es.>entfal  in 


Very 
poor . 


Distinguished 
from  augite  by 
granular  and  prismatic  cleavage 
porphritic  .angle,  slight  in- 
eruplives,  as  clination  of  c  :  c 
yenite.diorile  and  strong  pleo- 
magnetite  as  (^grecn)  per- chroism.  Biolile 
augite.  Into  phyrilc,  ande-  has  not  the  cleav- 
biotite,  chlo- site,  trachyte  age  and  dichroism 
rite.  I     (i)rown).       in  sections  parallel 

O. 


s^ 


Occurrence. 


4i 


'  Accessory  in 
besalt  (brown) 
~"    ~     olivine     stonci 
(c)   Rather   |(green)     rnrc! 
Ircquent   in    !„   crystalline' 
certain  crys    "slates  (green) 
talline  slates  I    al)undant 
lacking  feld-  1  Essential  in 
spar  as  talc-     amphibolite 
mica-and      1     slates  and 
chlorite-      "certain  gneiss, 
schists  and  in 

serpentine, 
(d)  As  con- 
tact mineral  in 
limestone.  As 
primary  (rare- 
ly secondary) 
component  in 
slates  and 
serpentine. 


(c)     Almost  al- 
ways in   long  col- 
umns  not  in  short 
crystals  as  in  ordi- 
nary    hornblende. 


(d)  compare 
wollastonite. 


(e.)  Affi*fdsoniU  Na,  (Fc.^  Si,  Oi^.  Specif,  gr.  .V^Vl^J-^V  (X-cur*  i«  li 
grmin^  cleaving  in  I,  with  orthocfaiie,  microcline.  claeollle  and  todalite.  raretr  ta  clara 
rockv     It  is  distinguished  from  hornblende  by  hlue*grcen  color  and  coropnMiHia 

(b. )     Glatuophant.     Nat  (  Alj  )  Sii   ()i«  with   ('a    Mg.  and    Fe      Specif  jr. 
It  is  an  indigo  blue  mineral   with  strong   pleochn)i«m  occurring  in   long  fif»r«»o«  acn 

dd.     Cleavage     <>  an<l  i  i .  angle  il 


Namt. 


Cfumiatl  ^^.      .^  ■  Csiuni  tom6t 

fomp.    ana^'^  ^..     CUai'iitre.     natn^H^and 
reachoHS,  ^  form  of  uu  s. 


Tu'tHS. 


Optu.tl    J,Lr    fhm^i 


(  Hi  ).,  Si.  3  5 
■^V.  ! 


forming 
angle    of 
ii5«  24' 


I 


0  |>erfect  Kxlendcd     in 
and  i.i     the    ortho-di- 
agonal, grii- 
crally    viuall 
cf>liimnH  I.  (), 
t.i.  i.i      Lon- 
gitudinal sec- 
tions     i-i' 
hexagonal 
Cros^  sections 

( >:  i.i  elong 

ate  (|uadrang- 

ular  c»r  ex 

tcntlcd  hex- 

agonal.     Also 

in  grains. 


•       •«    wwwt^  • 

mtnanti 

tr^n, 

Plane  i.i 

Optiial  a\i« 

Nrpl 

Rarely 

plane     i-i' 

«mMif 

micro- 

b     b    acute 

I^Xtlk 

vopic. 

bi^itnx       d 

a    ^ 

nearly    vom 

:o\ 

cide%   Hith   i 

Sections  .    t« 

47'    - 

i-i  %h<>w  a   bi 

axial   interfef 

once  figurr. 

._ 


I 


TUamite.    Ca   Si    Ti  3  4  3^.  1  13^°  55'  l\ually   rr>H 


<V    I)e- 

C'iinjM»%cd 
».\  llj  ^  », 

J  I   <  >_•    Is 

•ii'«»"I\  I'll, 
and  >^>  |» 

sum 
f«'rm«  'I 


f    1'  II;*' 

yi'.    I  in 


|»^rl»M  t 


tallinet   (> 

«,    I    I'.i  '. 

I     j'   .    <  M    m 
^r  .1111 . 


ee       t'lej^agr  ini|vri«\t  la 

Rather     4>|>tKaI  axi«      i*dMl 
fre<|uent    planr      it'    «tfi«| 

I  'ont  i«  !    i»  11  *r  '■••<■••■ »  F  »t  • 


•  •r   in'«  r 
I'rip- 
tr.itin»^ 

\\\   II. N       »M 

pl.ii.f  •  • 


.  t  ■.  I    » •  • .  • 

J  »'  I  ,   •  :  ■  •  •       • 

•  !;«;«  r« 


(/V/'M"/ 


<    .1       S«  >^ 

ubir  III 
Ji  l<U    M  nil 
«li*ti.  ultv  . 


1.1  l.\   1  'imj»UMr     In^ji.nn,    <••     K.ifr    m 
in  thr    (  li     Inii^  «  i>!.itnr>  ir    mil  r>» 


II'hIiuvJo 

n.il.  !«•>-  H 


ifi'liN  I'll,  r 
I    i'.      I. 


•«<  i.jiU 
lll'IlN  l<l 

li.llH 


jljll'-        ) 
.\,  I. 'I   '  i.r    • 
.;       <  »r.r     •; 
t:i  .1!  j%i>    1' 

r»f  nuii^    «  .•  * 
•    an    aii^lr 
s*   .   ihr  -  tVr: 
an  anfc-'r      • 


I  *  *       * 

1  %• 


coalesced  with  hornblende,  rarely  in  crystalline   slates,  eclogite,  amphibolite,  mica 

hlorite^lates. 

g.)      Uralite   (Smaraji^dite  in  part)    has  the   composition    of  hornblende    but  has   a 

Lge  similar  to  au^ite.     It  is  a  proluct  of  the   decomposition  of  augite  and  diallage. 

:urs  in  gahbros  and  serpentine  as  well  as  augite  porphyry. 

TABLE  XIV. 


rt  of  Color    and 
nsa-    index  of  re 
w.         fraction. 

Structure.      'Association,     .             j-     *  '   \Ociurrtnce,     Hemarl's. 

stons.  1    izons 

1         -                                          1 

! Citron  yel-' 

!     '"" 

bril-j  low,  yel- 

In  long  mi- 

With     .    Very                    Secondary -Similar  to  au- 

ycl-     lowish 

nute  columns 'quartz,  or- 

poor. 

frequently  g«te.  Charac- 

»  red.  green.         \  in  chloritic 

thoclase.     Fluid 

as  decom  jteristic  is  the 

A^x.^i-   .  substance  or 

plagio-    '  inclu- 

•    position    yellow    color,! 

1.75     Ple- 

in  pseudo - 

clase,       sions.    |                 [product  of  strong  refrac-l 

orhroism 

morphs,  rare-l     horn- 

1 

feldspar. 

tion  and  vivid 

rather 

ly  in  grains. 

blende,  bi- 

horn-      'colors  of  po- 

strong  in  ^ 

otite,  aug- 

blendes, 

larization.        1 

thick  col 

ite  and    ! 

i    biotite, 

umns.                                  .chlorite,                  '                  rarely  of                           ' 

a=-pale    1 

augite  in  j                         | 

yellow,       j 

eruplives  , 

b=yellow  '                                                                         ,&   crystal- 

ish   green                                                            j                jline  slates.'                         j 

C=green- 

In  the  lat  , 

ish  yellow. 

1 

ter  also  as, 

b,>c^a.                          ' 

'                 'primary     '                          ' 

ACUte  wedge-shaped  sections. 

bril-    Faint  yel    Surface  of  sec- 

With 

i                         ! 
Very     Rarely    As  prini.i  IKasilv    recoL'- 

low,  red-      tion  rough.    '    quartz,    |  poor.   ,  pseudo-  ry  acccsso- ni/ed'  l»y    the' 

dish      ;    One  of  the 

plagio 

morphs        ry  in 

wedije-       i 

brown  to 

first    minerals 

clase.horn- 

of  cal-     erupt ives. 

shaped  sec- 

colorless    '     to  form  in 

blende,au- 

1  cite  af-  1  iiranile,    1      tions  and     « 

Pleochro  I      eruptive      '  gite,  bio-  |              ,'   ter  li        syenite, 

■ 

rouiih  surface.! 

ism  rather 

rocks.               iiite.  chlor- 

1 

jlanitc       phonolitc, 

strong  in 

ite,  quartz 

schists, 

dark  varie- 

and other  j                              etc. 

ties,  a -^  '                           accessory 

Andesite,! 

reddish 

mmerals. 

diorite. 

brown. 

j                 \ 

,c  — green- 

1 
1 

! 

jish  yellow 

1 

( 

bril 

Colorless 

In  minute 

Rarely 

Fluid 

i 

As  a  sim  ; 

I 

:,  ir- 

or  colored     grains  and 

with  clas 

inclu-                    pie  rock. 

rent. 

by  iron,     'needles,   rare-  ticcompo 

sions                        granular 

ly  in  crystals,     nents,  as 

or  massive. 

quartz 

' 

grains  or 

scales  of 

1 
1 

1 

1 
1 

1 

1 

1 
1 

mica. 

1 

1 

1 
1 

Ckem, 
Namr.   \Comp.  ami 
Keatticms. 

I 
(('yanitr'  Involuble. 


Urav. 


3.4»- 


II.    b.  X.  Trie 

a.   Elongated  columnar  cryfttmis  oi<'f'lc»  of 
L  *suai<omNna'\  i 


CUavagt.  'tions  and  form 
'     of  S^tiOMS.     I 


7 wins.  Optualdftttmtmtmh.  ^ 


Very      (trainf^  or  col  ;     Frequent.      Opt  a\i%  |>ljnr  mako  ^ 
Perfect,   umiis  i-I  .  i-I  I^ssmj  micro-  an  an)*lc  of  \  r  with  \ 
.  i>f .      with  an  anglcvcopic.  Hither  the  angle  i-lO.  «itb 
Perfect      of  io^>**  15',  •  multiples  in   the  angle  i-I  .  <»  aa 
i-l  and  rarely    termi  :        if  or  angle  of  #o-  15' and. 

O.  nate<l.  Crovs  (2)  perpendic-  like  the  atuJe  l»i%ec- 
section  quad  ular  to  c  axis,  (ru  •»  stamU  at 
rale  .or   hev    or  nearly  a  fight  ani:lf 

agonal  of  i^-i  (3)  toh  axi>.or  with    i-l,    parallel  !•. 
or  i-  i'  is  ad*'(4)  parallel  towhah  plane  %et.ti'>ti» 
fled.  (>.  show  a  luaxial  inter 

ferance    tigurr     «ttb 
negative  hisntnt 


b.   Hroad  tabular  cr>staU  or  grain«.  o«r 


Truiinit 

1 

Feidtpars- 

1.  Mkro- 

As 

.'■S4- 

■   iVrfeci 

ittnt      iorth 

oclase 

-  ^7 

0. 

(fibrous  ■ 

quite* 

ortho-    . 

|)erfecl. 

clav.  ^ 

'       i-I. 
i'-i. 

I 


I-l 


I  „■„. 

1  ia«  r%  if 
<  .1  .ii>>l  K 
N-.f  a! 
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Colar^  etc. 


Colorless 

or  sky 

blue. 

strong  re- 
lief.    If 
blue,  with 
rather 
strong 
pleochro 

ism. 
C-=blue 
a=  white 


Structure. 


In  long  col- 
umns or  ir- 
regular 
grains  with 
crevices  || 
or  -L-  to 
axis  c. 
Often  com- 
pletely  or 

mottled 
blue.   Rare 
ly  in  aggre- 
gates of 
needles. 


Association. 

Inclu- 
sions. 

With 

Poor. 

quartz, 
mica. 

Fluid 
inclu- 

garnet, 
omphacite, 
hornblende 

sions. 

rarely  with 
orthoclase. 

Altera- 
tions. 


Rarely 
mar- 
gined, 
by  a 
zone 
ofal- 
tera- 
tion. 


Occurrence. 


Raie  as  primary 

accessory  in 

crystalline  hlates 

granulite,    cclo- 

gite    and     mica 

schists. 


Remarks. 


If  colorless, 
only  to  be  dis- 
tinguished 
from  silliman- 
ite  by  position 
of  axis  of 
elasticity. 


rage  parallel  to  O.  and  i-!. 


:»tive, 

ther 

ong. 

S»lates 
lei  to 
ositive. 
inction 
pcrpen- 
lar  but 
que  in 
s    par- 
l  to  O. 


Colorless 
Reliefnot 
strong,  as 
in    ortho 
clase. 


In  rocks 

only  as 

grains,often 

coalesced 

with 

quartz,  as 

in  graphic 

granite. 


alive.     Colorless 
ther  clear, 

ig.  lu:  slight 
ftvage  ■  relief. 
tes|0  f3p= 


notion 
lined 
h   the 
IcO: 

^;- 
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In  large 
grains,  rare- 
ly in  crys- 
tals, often 
coalesced 
with  ortho- 
clase and 
quartz       In 
eruptive 
rocks  in 
slender 
rods. 


(a)  With 
orthoclase, 

elaeolite, 

sodalite, 

augite,  and 

hornblende 

(b)  With 
quartz, 

orthoclase, 

biotite, 
hornblende 
&muscovite 
(c)  With  the 
above  and 
garnet  and 
cyanite. 


W^ith  cal- 
cite.  quartz, 

mica  and 
orthoclase, 
alsochlorite 

and  more 

rarely 

hornblende 


Usual- 
ly very 
poor. 
Horn- 
blende 
biotite. 
zircon, 
apatite 


Simi- 
lar to 
that  of 
ortho- 
clase. 


Very 
poor, 

fluid 
inclu- 
sions. 


Primary     essen-j 
tial  with    ortho-j 
clase  in 

I 

(a)  elaeoliie- 
syenite. 

(b)  in  various 
granites    par- 
ticularly   in 

graphic  granite 

(c)  Crystalline 
slates  as  granu- 
lite and  gneiss. 


Rarely 
altered 

Be- 
comes 
cloudy 
as  or- 
tho 
clasf. 


In  granular 
limestone,  fre- 
quent.    In  crys- 
talline slates.  In 
many  scmi-crys- 
talline   gneisses, 
■pbyilite,  sericite 
!  si  ale.     Rarely  in 
I     eruplivcs,  in 
grains  in  dio- 
rile.s,   in  rods  in 
andesites  and 
poiphyrys. 


Easily  dis- 
tinguished 
from  ortho- 
clase by 
extinction 
oblique  to 

O  and 
twinning; 
from    other 

tnclinic 
feldspars  by 

lattice^ 

twinning 

and  optical 

peculiarities. 


All  plagio- 
cla.se  is  char- 
acterized by 
the  poly  syn- 
thetic twin- 
ning.Triclinic 
feldspars    can 
only  be  (lis-   j 
tinguished  by' 
cliemical      | 
means   or   de-' 
teimination  of! 
direction  of  | 
extinction  etc. 

Even  then 

only  in  raiher 

large  grains. 
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TABLE  XVIIL 


vrr 
'or- 


Color 
and  Kf' 
fraction. 


Structure, 


Association 


Inclusions. 


Alteration, 


lln  large  grains:  | 

Colorless,  or  crystals  of     With      'Fluid  (rarely) 
I.O.  and  in    quartz,  or-  and  frequent- 


lal- 
cry 
i. 


do 


minute  slen- 
der rods  (sec- 


Occurrence, 


horn-       sions  in  later 


plates.  Zonary 
structure  and 
arrangement 
of  inclusion <i. 
Twinning  and 
concentric  ar- 
rangement (as! 


thoclase,  jly  glass  inclu-;fibrous  in  ear- 
lier eruptives 
Change  into 
epidote 


Usually  unal-i  Primary  cs- 
tered  in  later  sential  or  ac- 
and  cloudy 


tions  of  thin   blende,bi-:eruptives;  au- 


otite.  aug-gite  and    apa 
ite  and  ol   tite  microlites 
ivine. 


J^oth  present. 


As   ortho- 
clase. 


in  orthoclasc)  with  san 

diue,    or 

thoclase, 

augite, 

horn- 

blende,bi 

otite  and 

quartz. 


In  grains  and 
large  crystals 
I.O.  and  mi- 
crolites no 
When  twin'd 
upon  both  the 
albite  and  pe- 
ricline  type  a 
lattice  struc- 
ture similar  to 
microcline  ap- 
pears, but  the 
'  bands  are 
more  distinct 


do 


Hornblende, 
olivine,  dial- 
lage,    magne- 
tite,  titanic 
I  iron.     Acicu- 
jlate  microlites 

are  very  abun- 

With  di-  dant  and  lie 


do 


allage,  hy- 
persthcne, 
olivine, 
also  with 
quartz,au 
gite,  horn- 
blende, 
and  bio 
tile 


With 

horn- 

blende,au- 

gite.  bio-  .  . 

tite,  dial-  ^o»*^?) 

lage,  hy. 

persthene 


I 
c  or  the  angle 

O:  i-i,  and 
brown  plates 
(ferric  oxide 
or  brookite?) 
which  have 
their  long  axis 
at  right  angles 
to  the  micro 
lites,  or  innu- 
merable mi- 
nute colorless 
or  greenish 
grains    (epi- 


cessory  in 

eruptives. 

granite,    dior 

ite.  diabase, 

gabbro,  tra- 

("saussurite")   chyte,  ande- 

site,  also  in 

basalt,   and 

crystalline 


also  to  musco- 
vite  as  in  or- 
thoclase  and 
nearly  all  pla-|slates. 
gioclase. 


Usually  un 
altered. 


Primary  es- 
sential  in  ton- 
jalite     (quartz 
diorite),   in 
andesite,  in 
particular.and 
esites,  porph- 
yries, syenite, 
also  in   cryst. 
slates. 


As  orthoclase 
Often  into 
epidote  and 

muscovite. 


do 


ulab-  Coloricss,  As    labrador- 
■•^M"-  clear,  as  .ite. 

I  labrador- 1 
ite. 


e. 


With   lab- 
radorite, 
jaugite,  hy- 
1  persthe- 
nite,  oliv- 
ine. 


Primary,  es- 
sential, in  nor- 
ite,    gabbi'o, 
doleriies.  es- 
pecially also 
in   dacite,  ba- 
salts,   diorite. 


Primary  es- 
sential in 
eruptives,   di- 
orite, gabbro, 
andesites. 


do 
but  no  micro- 
lites  and 
scales. 


As  oligoclase. 


Usually  unal- 
tered,^as  the 
other   plagio- 
clase   species. 


Rather  rare, 
primary  es- 
sential in 
eruptives.     In 
basaltic  rocks 
and  augite  an- 
desites, gab- 
bro and  no  rite. 
In  crystalline; 
slates.amphib- 
olites,^  gneiss. 


Re- 
marks, 


As  al- 
bite. 


do 


do 


do 


Distinctions  between  the  various  plagiocleise  species. 

The  species  lettered  b-e  are,  as  is  well  known,  isomorphous  mixtures  of  the 
two  terminal  members  of  the  series — albite  (ab)  and  anorthite  (an).  In  physical 
and  optical,  as  well  as  chemical  characters,  there  are  perfect  transitions,  ud 
oligoclase,  andesite,  labradorite  and  bytownite  are  simply  named  members  of  the 
series. 

As  shown  by  Schuster's  investigations,  it  is  possible  to  distinguish  the  plagiodase 
species  by  determining  the  direction  oi  extinction  in  cleavage  planes  parallel  to 
O  and  i-i. 

The  above  given  data  of  extinction  refer  to  the  customary  position  of  the 
examined  plagiodase,  (the  upper  O  surface  inclines  from  left  to  right,  as  well 
as  to  the  front,)  and  always  to  the  obtuse  angle  O.  i-i,  i.  e.  the  surlace  i-i  lying 
to  the  right.  The  -|-  sign  in  the  case  of  cleavage  plates  |I  O  indicates  that  the 
direction  of  extinction  is  inclined  to  the  obtuse  angle  O  :  i-!  in  the  direction  of 
the  right  prismatic  angle;  in  cleavage  plates  j]  i-i  ihat  it  is  inclined  as  i-i  withi-1 
the  —  sign  in  both  cases  indicates  the  opposite  direction. 


C.     Aggregates. 

Aggregates  are  never  dark  between  crossed  Nicols"  because  the  numerous 
minute  crystals  are  irregularly  distributed.  Mf  the  ag^^regate  has  a  radial  fibrous 
structure  a  fixed  interferance  figure  may  appear.  \'ery  often  such  aggregates 
may  only  he  determined  by  chemical  means. 

1.  Serpentine  (Mgj  Si.^  W.^  ( )^  :-  aq.)  Specif  ^x.  2.5-J.7.  (iuin.  yellow  or 
brown,  to  black.  Characterized  by  the  mesh  structure  re^ultin^'  fnun  decay  of 
olivine.  In  other  cases  the  sub.«>tance  consists  of  large  |>hue?>  which  may  bo 
regularly  arranged  at  right  an<;les  to  each  other.  It  occurs  as  an  independent 
rock  mass  or  a  decomposition  product  or  pseudomorph  after  olivine. 

2.  I'in'diU'.  Decomposition  products  ol  au^ites  and  hoi  nblmdes  as  well  as 
garnet  and  biotite.      (Delessile,  ch]oro]>haite,  etc  ) 

3.  BiJJi'te.      Decomposition   product   of  pyroxene,    very    similar  to  serpentine. 

4.  Chalcedony.      A  secondary  mineral  except  in  quart/  sphierulites. 

V      Zeolites.      Include  natrolite,  scolezite,  stilbite,  desmite,  and  chabasite. 
6.      Carbonates.      Aragonite.       Decomposing      with     effervescence     in     H     CI, 
Easily  distinguished  from  calcite  by  crystal  form. 


Explanation  of  Fig, 

Fig.    1,      Dislyla  ohioensis.  sf.  «,  (p,  M.| 
fig.   1.     Diurclla  tigris,  KAr 
leiuory  tube,  a,  &pines  of  lorici,  J 
Fig.  3a.      PlcESoma  knljculai 
Fir.    lb.      do       do.      venlral 


(p.  49.)      M,    maxlax,   E,  cEfi,  G.  ganglioi 
inteslme,  /"?'.  Pulaaling  vessel,  *■,  eye. 


ERRATA. 
Page  7,  lint  1 .  instiad  of  preceding,  rend  proceeding. 
<lo     S,  do  4.        do    do  anleriotally,  nW anteriorly. 
do   15,   I'hie  I,  Fig.  1.  instiaii  of  L.  rtadf. 
do  4S.  litu  21,  /oi^i/ii/ ampulifbrmis  ri^ai/ ampulltrormis. 
do  59,  do   Ij,      do    do  Plate  i,  Fig.  Ill  rrorf  Plate  III,  Fig,  i. 
do  60,  do  27,      do     do  Asplanchnxa         do  Asplanchaa. 
do  61,  do  33,      do     do  amputiformis         do  ampultiformis. 
do  133>  do    6.  tl  seq.  i-I     rtoii    i-i'. 

do  135,  do  Under  inonoelinic,  imltail  0/  i-i  and  i-I,  riad  i-i'  in  each  « 
Table  V///,  Apalile,  instead  of  1,1  naJl.i. 
do     /.V.Olivinc  do      doI-li9<';'™^I=i30°2'.      , 

do     Xf,   Hyperslhene,    under  cleavage,  /nifeorf  ^  conchoidal  fractur 
nu/uf. 

Table  AT//.     InUeadof  Tricilnic,  reoi/ Triclinic. 

do    XVIU.     Anonhile;  cleavage,  iHji!forf  o/"  i-r  rraifi-l. 
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Meristella  Prinstana.  Bill  _  _  _  88 
Meristella  umbonata,  Bill__     76,  78,  88 

Nucula 93 

Nucula  minima,  n.  sp 91,  93 

Nucleospira  pisiformis,  H.  85 

Orthis 72,  80,  86 

Orthis   acuto-plicata 86 

Orthis  bella-rugosa,  Con 86 

Orthis  biforata,  Schlot 80,  81,  82 


var.  lynx 74,  78, 80. 82 

var.  acutilriata.  82 

Orthis  biforata.  f.  Clintonensis — 

f.  reversata 76 

f.  Daytonensis-.  78;  82 

f.  reversata 78,  80,  82 

Orthis  Daytonensis,  n.  sp__  74,  78,  87 
Orthis  elegantula,  Dalm.76,  78,  84,  85 
Orthis  elegantula,  var.  parva, 

n.  var 76,78,85 

Orthis  fausta,  n.  sp 70.  76.  78,  85 

Orthis   flabellum,  Sow 76,78,82 

Orthis  hybrida.  Sow 76,  78,  .83,  84 

Orthis  insculpta,  H _  86 

Orthis  Nisis,  H 78,  86 

Orthis  pisum,  H  — 

Orthoceras 117 

Orthoceras  Duseri.  H.  &  Wh.  1 18 

Orthoceras  inceptum 117 

Platyostoma  Niagarense.  H_    73,  94,  97 
Platyostoma  Niag.  var.  trigostoma. 
Platyostoma   plebium,   H..  98 

Pleurotomaria__   96 

Pleurotomaria    inexpectans, 

H.  &  Wh 94,96 

Plerinea 9I 

Pterinea  brisa,  H 91 

Ptychophyllum  _    __    75 

Raphistoma ._ 95 

Raphistoma  affinis,  n.  sp_  -  94,  95 

Raphistoma  lenticular  is,  Em  .  95 

Relepora  angulata,  H .  72 

Rhinopora 68 

Rhynchonella 90 

Rhynchonella  neglecta.  H.  _  78 
Rhynchonella  scobina,Meek_  76,  78,  90 

Slrophomena ..    _  71^ 

Strophomena   rhomboidalis, 

Wilck 78,  79 

Strophostylus 96 

Strophoslylus  cyclostomus,H.  94,  96 

Trilobita__ 77,100 

Triplcsia 89 

Triplesia   Orloni,  Meek 76,78,98 

Tiiplesiana.  n.  sp 78,  89 

Trochonema 04 

Trochonema  nana,  n.  sp 94 


Zygospirm ^ 90 

Zygospira  mod^ta.  H 7S»90 

Fringilltdae^ 13 

Furcularia 49 

G. 

Geology 64 

H. 

Hesperiphona  vespertina 5 

Hesperiphona  abeillii 5 

Heterognathus 49 

Httssak -121,  123,  134,  137 

I. 

Ilyocryptas  agilis 40,  41 

Ilocrypttts  setifer 39 

Hyayptiis  sordidas. 40,  41 

Byocryptiis^taifer 40,  41 

L. 

Laboratory  manipulation 121 

Leydigta  quadrangolaris 37 

Limnetjes  gouldii 17 

Lithological  lathe 126 

Lithological  micioscope 127 

Lithological  manipulation 121 

M. 

Macrodactylea 49 

Mastigocerca 49 

Melicerta  ringens 44 

Micro-chemical  methods 128 

Minerals  (see  below.) 

Monocerca 49 

Monocer<^  rattus 51 

Monostyla  quadridentata 53 

Monospilus  dispar 38 

Monura 49 

N. 

Notommata 47 

o. 

Osteology  of  Hesperiphona 7 

P. 

Paleontology 76 

Phyllopoda,  Metamorphosis  of  16 

Pipilo   erythropthalmus 13 


PLANTS. — 

Ambrosia  artemlstaefolia,  L.  |i 

Ambrosia  trifida,  L 31 

Aristolochia  clematitis n 

Aristolochia  Sipho,  L*Her.  27,  ^ 

A  triplex  patula,  L I4 

Atropa  Beiladona 1) 

Barbarea  vulgaris.  R.  Br —  31 

Brassica  nigra.  Gray Ji 

Carya  alba,  Nutt JD 

Carya  amara,  Nutt Jo 

Carya  microcarpa,  Nutt 50 

Carya  olivaeformis,  Nutt..  }0 

Carya  porcina.  Nutt .30 

Carya  sulcata,  N  utt 30 

Carya  tomentosa,  Nutt ^ 

Cassia  Chamaelicrista,  L p 

Cercio  Canadensis,  L 19 

Chelidoneum  majus,  L Z^*P 

Cbenopodium  album,  L |i 

Coreopsis  tinctoria,  Nutt ,  34 

Coreopsis  tripteris.  L J4 

Comus  stolonifera,  Miohy..  p 

Delphinium 27,33 

Delphinium  consolida,  L 32,13 

Dianthera  Americana,  L 32 

Dicentra  Cucullaria,  DC—-  3® 

Fraxinus  Americana,  L 27,  *9 

Fraxinus  sambucifolia,  Lam..  29 

Fraxinus  viridis,  Michx ^9 

Gerardia  purpurea  L 3^ 

Gleditschia  triacanthos,  L  _  33 

Gymnocladus     Canadensis, 

Lam 

J  uglandaceae 

Juglans   cinerea.  L 

Juglans  nigra,  L 

Juglans  regia,  L 

Lactuca  

Lactuca  Canadensis,  L 

Leguminosae 29- 

Lilium  bulbiferum,   L 

Lindera  Benzoin,  Meisner.. 
Lippia  Lanceolata,  Michx. - 
Liriodendron  Tulipifera,  L- 

Lonicera   Tartarica,  L 25, 

Loranthaceae  

Lycopus   sinuatus.  Ell- -    __ 


J 


25,  26,  IP 
3 


2< 


Ljrsiniachia  ciliata,  L 31                                       Q. 

Lysiniachia  nummularia,  L_  33       quarries.— 

Lfthrum  alatum,  Pursh 3^.33           Allen's . 

Mcdicago 29          Carrollton    Pike 

McUlotus  alba.  Lam 34           Centreville  _ 

^enispennum  Canarlense,  L.  ^o           _  ^       _' 

^.                                      »  .1             £^jQ„    pjj^g 

Mimulus  ringens,  L 31           pair  Haven 

•Vesaea  verticil  lata,  H.  B.  K.  31           Fauver's 

^nothcra  fructicosa,  L    .  31            Huffman's    .      .   _.      . 

^assiflora  lutea.  I 34           Soldiers*  Home    

"dithorum  sedoides,  L 72           ^                    ' 

Pk           ,     ^    ,     ,         -  *              Swartzbaujjh  s    .  _ 

'^Hryma  leptostachya,  L 31                             ** 

*^^lea  trifoliata.  L 29                                       j^ 

*^tcro-carya  Caucasica,  Kenell.  30       Rattulus 

Hobina  Pseudacacia.  L_  30       Rock  sections        . 

H^bus 30       Rotifers  of  America       _ 

H«cIIa   ciliosa,  Pursh   .      .  31        Rotifer       .   . 

^^mbucus  Canadensis.  L.  30 

^*cropbularia  nodosa,  L..    .  31                                       ^• 

^isjrmbrium  officinale.  Scop.  31       Salpina  affinis_ 

^*V)lanaceae - -9»  34      Salpina  mucronata  . 

^Fcucrium   Canadense.  E--  31       Scardium 

"Thalictrum  dioicum,  L. ..  .     28,  31,  34       Squamella  bractea 

Trifolium .  34       Stephjinops  muticus... 

XJlmus  fulva,  Michx 35                                        --p 

Verbena  stricta.  Vent ^i       „,  ,,       r     ^r       ■  »• 

.  -^          I  able    of   abbreviations. 

Verbena  urticifolia,  I. ^i       t-  ui      r       1           •     .•         / 

*'         Tables  for  determination  of 

Vitaceae 34                    1   r       •          •        1 

•^^  rock-forminjj  minerals 

Pleochroism 174      ,,,,       ,  ,  ,       ^,     , 

'^^        I  houlets    method 

Plcuroxus  procurvus- ..    __  17       ^r  •     .u 

'^  *^'        Fnarthra 

Ploesoma    lenticulare z7       ,,,    .     .          , 

•'         1  winning   pnenoiiicna- 

Polyarthraea 48 

Polyarthra  platyptera .  49                                        U . 

Pterodina  patina ...  ^9       Use  of  polarizing  microscope 

MINERALS. 

Xumbers  refer  to  labU. 

A.  Apatite  VIH                                    H. 

Acmite  XV  Aragonite                               Hasite  X 

Aciinoliie  XV  Augite  ^'IV                            Hiotite  VIII 

Aggregates  XIX  Andalusite  XI                        lironziie  X 

Albite  XVH  Ande^ite  XVII                       Bytownite  XV 

Alamandine  garnet  II  Anomite  XII                                        ('. 

Analcile  HI  Anorthite  XVIII                    Calcite  VII 

Anatase  V  Anthophyllite  X                  Cancrinite  VI 


74 

70 

74 

73 
66,  70 

75 

75 

73 

70 

67 
68 


49 

121 

43,  62 

47 

52 

49 
54 
54 

137 

i37-»57 

123 

48 

U3 

i3» 


III 


I 


I. 

Pyrrbodle  L       • 

Chiwtolite  XI 

Ilmenile^Chromite 

Q. 

Cblorin  VIII 

1. 

tjoana  VI 

CWoritoM  XII 

R. 

OuMDite  III 

UBcite  m,  IV 

RepfdoUM 

LiebeneriteVU 

R«bdtaMXU 

ConlieriteXI 

H. 

RBtltelV 

Higocdte  VII 

S. 

CoBMimniteV 

Hignetitel 

Si«MlMlV 

Chafauiie  XIX 

MefoBlleV 

SJIte.XIV 

CjulMXVU 

HduitelU 

suitdiiwxm 

D. 

HdUiuV 

.S<»{»IlteV 

Deloriu  XIX 

MoounflXU 

SericiLc  XII                   1 

I»Ml««teX 

HlcRcUu  XVII 

Pfrpentine  X!X 

DUlUgeXIV 

SiderilcVll 

DiehnittXI 

MWMTita  XII 

Sillimanile  IX 

DiofMMaXIV 

N.  . 

Smarag-iile  XV 

Dipr«V 

NMroliU  XIX 

Sodilile  11 

Dbthens  XVII 

NephdiMVII 

HpecuUr  iron  VIII 

DdoBlte  VII 

NigrinelV 

Spinel  111 

E. 

NawuiII 

Siaurolite  IX 

ElMlite  VII 

0. 

Stilbite  XIX 

Eutatlte  IX 

01Ip>dm  xvni     ■ 

T, 

Epidote  XVI 

<MMV  IX 

Talc  XII 

F. 

Ompbacite  XIV 

TitaniM  XII 

Feldspars  XVll 

Opal 

Titanic  iron  I 

Fluorile  III 

Or.hocla-«  XII 

Tourmaline  VIII 

G. 

OtlreliteXII 

Tremolile  XV 

Glaucophane  XVI 

P. 

Tridymile  VI 

Garnet  11 

Pennile  XII 

U. 

Graphite  I 

Perowskile  III 

Uralitc  XVI 

Gypsum  XVI 

Phli^opileXIl 

V, 

Picmite  III 

Vitidite  XIX 

Helminthiie  XII 

Pinile  III 

W. 

Hauyn  (Hauynite)  1 

I   PlagioclaseXVIl 

Hematite  VIII 

rieonast  III 

Z. 

Hercynile  III 

Prolobasite  X 

Zeolite  XIX.  VII 

Hornblendes  XV 

Pyrile  I 

Zircon  IV 

llypersthene  X 

Pyrope  11 

Zoicile  XI 

The  Natural  History  Department 

OF 

DENISON  UNIVERSITY. 

The  work  in  Natural  History  is  distributed  as  follows: 

I.  In  Biology.  The  preparation  assumed  in  such  as  is  usually 
^"^^cied  in  high  and  preparatory  schools,  viz:  An  elementary  term 
*^  ^^uman  Physiology  and  Hygene  and  some  preparatory  work  in  Bot- 
^'^V-  In  the  Sophomore  year  the  winter  term  is  devoted  to  Compara- 
^^^  and  Human  Anatomy  and  Physiology.  The  genesis  of  organs 
^iid  comparative  (vertebrate)  morphology  is  discussed  as  far  as  time 
P^^'^-nits.  The  hygenic  applications  of  physiology  are  briefly  presented 
^^t  the  physiology  of  the  nervous  system  and  comparative  Psychology 
^^^  relegated  to  the  elective  term  of  the  Junior  year.  An 
^,*^^unt  of  time  equivalent  to  an  hour  per  week  is  devoted  to  dissec- 
^^n  and  other  laboratory  practice. 

In  the  following  term  elementary   Botany  is  studied.       The  time 

^  *3^gely  occupied  with  the  study  of  phcnogams  and  higher  crypto- 

S^His,       Field-work  and  plant-analysis  siipj)lemented  by  some  labora- 

^^y  practice  in  structural  Botany  accomi)any  the  use  of  the  text  book. 

During  the  Junior  year  one  term  is  given  to  Structural  Botany  and 

study  of  the  lower  groups,  including  Algae  and  Fungi.       A  part  of 

term  is  occupied  with  Plant  Physiology.       Three-fifths  the  time  is 

^^^>ted  to  the  laboratory  work.       The  class  construct  simple  appara- 

^  ^nd  conduct  independendy  experiments  in  i)hysiology. 

A  term  in  Zoology  follows,  and  is  occupied  chiefly  with  the  study 

^-J^ vertebrates.        Begining  with  the  cell  and  monocellular  organism, 

yi^^s  of  each  class  are  studied  in  the  laboratory.        In  this  way  the  de- 

'^^pement  of  the  vertebrate  type  is  traced.     The  |)roporti{)n  of  time 

^Oted  to  lecture  and  laboratory  work  is  as  in  the  i^rcvious'term. 

An  elective  term  in  Zoology  affords  opportuniiyjfor  work  in  His- 
^  ^gy  and  special  study  in  particular  lines.       It  is  intended  to  confine 


the 
the 


study  very  largely  to  the  vertebrate  type  and  an  exhaustive  study  of 

one  organism  or  system  is  advised.     The  work  is  supplemented  by  a 

short  course  in  comparative  psychology  on  the  basis  of  VVundt  and 

Lotze. 

Geology  attd  Mineralogy. 

In  the  spring  term  of  the  Sophomore  year  opportunity  is  offered 
scientific  students  to  study  mineralogy.  The  work  is  largely  confined 
to  the  laboratory,  and  embraces  blow- pipe  analysis  and  the  elements 
of  crystallography.  Some  attention  is  given  to  economic  mineralogy 
but  assaying,  etc. ,  are  considered  to  belong  with  the  chemical  depart- 
ment. 

The  Seniors  study  Dynamical  and  Historical  Geology  in  the  fall 
term  using  Le  Conte's  text  book,  supplemented  by  lectures  on  the  sim- 
pler facts  of  structural  Geology  and  extended  tours  to  interesting  lo- 
calities. 

In  the  winter  term  a  course  in  Applied  and  General  (Geology 
varies  with  the  exigencies  arising.  The  course  this  year  embraces  the 
study  of  lithology,  and  the  application  of  geology  to  the  arts.  Strati- 
fied rocks  are  studied  with  reference  their  macroscopic  peculiarities  and 
economic  application.  Metamorphic  and  igneous  species  are  then 
studied  by  means  of  thin  sections  and  the  polarizing  miscroscope.  At 
other  times  paleontology  is  substituted. 

OUTFIT  AND  APPARATUS. 

For  Botany  an  herbarium  (to  which  additions  have  been  recei\ed 
from  Minnesota  during  the  past  year  and  a  large  collection  is  promised 
by  Mr.  Foerste)  affords  the  needed  illustrative  material.  A  good  set 
of  compound  microscopes  with  cameras,  dissecting  a[)i>araius, 
staining  and  other  reagents  have  quite  recently  been  secured. 
Aquaria  and  a  coIle(  tion  of  conservatory  i)lants  will  soon  be  i)rc)vided, 
while  the  apparatus  needed  in  vegetal)le  j)hysi()]oL:y  will  be  (X>nstru«t- 
ed  by  the   students. 

The  Zoological  laboratory  is  sup[)lied  with  aj)proved  niic  roiomes, 
and  hardening,  staining  and  conservative  ibiids.  injecting  a|)[)aratiis,  etc 
We  at  j)resent  lack  the  costly  a])paratu>  for  i)h\  sioloL^ical  invesiigati»»n 
and  records  but  it  is  ho|)ed  that  this  need  m  ly  be  soon  sup|)lied. 
Physiology  is  illustrated  by  j)re[)ared  skeletons,  casts,  microscopic 
slides,  etc.,  but  much  more  is  needed.  The  instructor  will  soon  have 
ready  a  large  suite  of  specimens  illustrating  comparative  anatomy. 
The  cabinet,  though  small,  is  rapidly  augmenting,  having  more  than 
doubled  in  effectiveness  during  the  year  past. 


In  Geology  charts  and  illustrative  material  are  of  a  good  quality, 
but  requiring  many  additions.  The  supply  of  type  minerals  and 
rocks  has  been  materially  increased.  A  lithological  lathe  and  polariz- 
'^g  nnicroscope  of  modern  construction  as  well  as  over  one  hundred 
typioal  rock  sections  have  been  secured.  Apparatus  for  api)Iying 
inicro-chemical  tests  is  also  supplied. 

-Although  much  has  been  done,  there  are  many  wants  unsupplied. 
1  he  room  is  much  too  limited  and  two  additional  appartments  could  be 
^t  orice  employed.  The  cabinets  in  all  departments  need  great  addi- 
tion«  to  make  them  adecpiate  for  purposes  of  illustration.  To  this 
end  friends  are  earnestly  solicited  to  send  to  the  professor  in  charge 
specimens  of  any  and  all  natural  objects  from  various  parts  of  the 
state?-  No  animal  or  stone  is  so  common  (if  perfect  in  its  way)  as  to 
be  laseless.  Contributions  in  money  will  be  carefully  expended  to  the 
sarne  end  in  securing  exotic  specimens. 
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ADELBERT    COLLEGE,     OF     WESTERN    RESERVE 
UVIVERSITV. 


CLEVELAND,    OHIO. 


Pris.  Rkv.  Cai 


.  Cutter,   n.   D, 


Open  to  both  sexes  on  equal  terms. 

Adjuncts:  Mediiad  Department,  G,  C.  E  Weber.  IX.  C^- ' 
Dckd;  Western  Reserve  Academy,  Principal.  N.  B.  Holjart.  A.  W*^^" 
Hudson,  0.  Green  Spring  Academy,  Principals.  P.  E.  Laner.  A,  I^**' 
and  M.  J.  Hole,  Green  Sjjrings,  O. 

Two  courses  are  provided  in  the  cotlegiaie  deparinient,  leading  "^j 
the  degrees  of  Bachelor  of  Arts  and  of  Letters  respectively,  aj"^^ 
special  courses  with  certificates,  libraries  contain  about  ia,ooo  vohimtr^  "' 
The  departments  of  Chemistry  and  Physics  are  well  supplied  with  a  ^^^j 
paratiis.  The  observatory  is  equipped  with  a  five-inch  equatorial  aE^^^ 
a  three-inch  meridian  circle.  The  mi"^*'""  -""'oJ'"'  ii-Bn_coi»rt™i  x^^*^ 
increasing  geological  and  other  cabin 
9th,  1886. 


s  well-selected  a» 
Next   year  begins  Sep»^* 


BUCHTEL  COLLEGE. 

akron,  ohio. 

Pres.  Rev.  Orello  Cone,  D.   D. 

of  study,  these  are: — The  Classical,  Philosophia 
and  Scientific  course,  leading  to  the  degrees  B.  A.,  Ph.  B.  and  B.  S.-  '^ 
respectively.  .^11  studies  are  elective  after  the  first  term  of  Sopho-^^^ 
more  year.  The  faculty  consists  of  eighteen  professors  and  instruct—— 
ors.  The  college  was  founded  by  the  Ohio  Universalist  Convenrioii*^ 
in  1870.  Its  outfit  embraces  an  astronomical  observatory  fully^ 
equipped  with  instruments  and  improved  physical  and  chemical  ap- 
paratus and  a  cabinet  of  Natural  History.  Those  designing  to  teach 
receive  the  benefit  of  regular  instruction  in  methods  of  teaching. 
Year  l>egins  on  the  first  Tuesday  in  September. 


DENISON  UNIVERSITY. 

granville,    ohio. 

Pres.  Alfred  Owen,   D.   1). 

E>enison  University  comprises  both  a  collegiate  and  a  preparatory 
department.  In  the  college  department  are  three  courses  leading  to 
the  following  degrees,  A.  B.,  B.  Ph.,  B.  S.,  with  preparatory  courses 
corresponding. 

The  college  has  eleven  Professors  and  instructors,  well  equipped 
Chemical.  Physical  and  Biological  laboratories  and  a  large  and  excel- 
lent library.  'J'he  productive  endowment  exceeds  $300,000.  In- 
struction is  thorough  and  expenses  low.  Those  who  cannot  take  a 
'^n  course  are  permitted  to  take  special  studies  when  they  can  do  so 
with  profit  to  themselves  and  without  injury  to  others.  School  year 
from  Sept.  9,  1885,  to  June  24,  1886.  The  next  school  year  com- 
mences Sept.  6,    1886. 


HIRAM   COLLEGE. 

HIRAM,    PORTAGE   CO.,    OHIO. 

Pres.  Geo.   H.  Laughlin,  A.   M. 

^Our  courses,  comparing  favorably  with  best  colleges  in  Ohio,  viz: — 

Classical,   Philosophical,  Scientific,  and   Biblical.       Faculty  of  twelve 

competent  instructors.       Total  number  of  students  205,  of  whom  99 

^^^  la'dies.       Ample  provision  for  instruction  in  music  and  drawing,  as 

^^U  as  in  the  elementary  branches.     The  outfit  in  science  includes  val- 

uatil^  collections  of  Western  ores  and  fossils  from  Dr.  F.  V.  Hayden 

^n<i  contributions  from  the  Smithsonian  Institute.       Valuable  additions 

a.ve  been  made  to  the  philosophical  apparatus  of   the  college.       Tui- 

^'^  and  board  at  reasonable  rates.        First  term  opened  Sept.  i,  1885, 

'^^  the  year  closes  Thursday,  June  17,  1886. 


L 


OHIO  STATE  UNIVERSITY. 

COLUMBUS,    O. 

President,  W.   H.   Scorr. 

J  The     University    has     twenty-five    professors    and      instructors. 

^    ^^fters  eight  courses  of  study  leading  to  degrees  as  follows: — B.  A., 

*     -^h.,  B.  Sc,  C.  E.,  Mining  Eng.,   Mech.  Eng.,  B.  Ag.,  and  V.  S.; 

^^  ^I>aratory  course,  a  short  course  of  two  years  in  agriculture,  and  a 

^Urse  in  pharmacy. 

It  possessess  eleven  well-equipped  laboratories, — Physical,  mechani- 

^^»    chemical,  metallurgical,  agricultural-chemical,  botanical,  and  phy.si- 

^^^ical,  and  the  most  extensive  and  valuable  museum  of  Ohio  geology. 

Its  land,  buildings,  equipment  and   endowment   are  worth   more 

"^^n  one  million,  one  hundred  thousand  dollars. 


OHIO  UNIVERSITY. 

athens,  ohio. 

Chas.  W.  Super,   President. 

Classical,  Philosophical,  Preparatory  and  Normal  departments. 
Instruction  is  chiefly  given  by  the  regular  professors  who  are  more  or 
less  specialists  in  their  de|)ariments.  Much  new  apparatus  has  recent- 
ly been  purchased  to  illustrate  Physics  and  Chemistry.  A  chemical 
laboratory  with  gas  and  water  has  been  provided.  Young  ladies  are 
admitted  to  all  de])artments  upon  the  same  terms  with  young  men. 
One  student  from  each  county  is  entitled  to  a  free  scholarship,  the  con- 
ferring of  which  is  in  the  handsof  the  county  auditor  and  commissioners. 
Fall  term  begins  Sept.  7,  1886,  spring  term  begins  Mar.  30,  1886. 


OHIO  WESLEYAN  UNIVERSITY. 

DELAWARE,    OHIO. 

C.   H.  Payne,  D.  D.,  LL.  D.,  Pres. 

Offers  to  both  sexes,  at  surprisingly  small  expense,  unsurpassed 
advantages  for  a  full  collegiate  course  or  for  special  .studies.  Collegi- 
ate, Preparatory,  Normal,  Commercial,  and  Art  Departments.  First- 
class  Conservatory  of  Music.       Elegant  home  for  ladies,  with  teachers. 

Necessary  expenses  \)cr  term  $50  or  less.         As  at  present  constituted, 

the  inuscnin  cinl)r;i("cs  tour  distinct  cabinets: 

I.  William  Wood  Cahinct  of  ('asts  of  h'ossils.  2.  Mann  C\il>- 
incl  (jf  I*al;u'.>ntoloL:;\ .  ^.  Trcs*  ott  (. 'abinet  of  Biology,  anil  4.  Mer- 
rick- Triinblc  ( 'abinci  i>{    Mincral()-'\ . 

The  lil>rar\  cnil)ra(cs  1,^,7^6  voluiiics. 

riic  siii(l\  of  the  Dibic  is  pcrsucd  in  some  form  by  everv  sliulent 
diirini:  his  entire  course. 


HKniAXV  (:ollk(;k. 

HR(_)<>kK    CO.,    W.     VA. 
I'KI.S.    W.   K.    PlNDI.KinN.    LL.    1). 

I'our  courses,  leaihn^  to  a[)propriaie  degrees,  viz: — Classical,  Sci- 
entific, Ministerial  and  Lidies'  (  our.ses  :  also  s|)ecial  yVv>Axv7^'//<7/ ^"iv/r.xYy 
in  Ln_L;ineering.  rra(i!(al  Piiysi(s  ,ind  Chemistry,  with  ample  trainini: 
in  field-work  aui\  KdjoraiopN  widi  use  of  instruments  and  apparatus. 
Now  in  \^[h  scs>,i()u.  .\luinui  number  640.  [expenses  are  reduced 
tn  a  nnnimum.  and  e\tr\  ficiliiy  for  e(  ()n(»my  in  time  and  nionev  is 
afforded  All  «  l.is-,">  oju-n  to  both  >e\es.  Year  begins  the  last 
Monday  of  September,  (  lo>ing  die  diird  'J"hursday  of  Line.  For  cata- 
loLTueaddress  Prof.    W.   IL  Woolerv. 


LABORATORY  SUPPLIES. 

In  order  to  facilitate  the  study  of  Natural  History  in  Ohio  the  de- 
partment has  arranged  to  furnish  such  laboratory  supplies  as  may  be 
accessable  in  convenient  sets  adapted  to  ( ollege  or  high  school  or  in- 
dividual use.  The  business  will  be  conducted  by  Mr.  C  J.  Herrick, 
while  the  preparation  of  the  material  will  be  under  the  immediate  direc- 
tion of  the  department. 

No.  I.  Lithological  suite  cons\^\.\wg  of  25  hand-samples  of  type  rocks 
with  accompanying  thin  sections  and  a  lithological  microscope 
manufactured  expressly  for  the  department,  also  apparatus  for 
making  thin  sections  by  hand,         -         -  -  $75  00 

Lithological  lathe  (additional)  -  -  -       50  00 

No.  2.  Suite  of  stratified  rocks,  25  samples,  accompanied  by  sections 
of  the  most  important  building  stones  and  fossils  typical  of  each 
rock  and  one  of  Bausch  &  Lombs'  m.odel  microscopes,  com- 
plete, - -         $65  00 

Sections  of  rocks  or  fossils  will  be  made  on  application  at  a  low 
rate.  Other  laboratory  supplies  will  be  sec  ured  and  kept  on  hand  as 
opportunity  affords.       Address  C.  J.  Herrick,  (iranville,  O. 


Till-;  rwr.NTiKTii  wak: 
THE   AMERICAN    NATURALIST: 

A  Popular  lUuHtrnted  Mugnzine  of  Natural  History  and  Travel. 

annoi:\(;i:mknt  tor  isso.   voi.umk  x\. 

riiis  journal  of  jxipular  N.Uural  Scicnci."  i-*  pulilisho'l  by  Messrs.  Mi;Cai.LA& 
Si  wkly,  PhiL-nlcIj)!!!.!.  I':i  ,  uinler  ilu-  nliioria!  manaj^'cment  of  Dr.  A.  S.  I'ACK- 
AKi),  ami  I'rof.  K  I).  L'«»n-.  with  the  a«.Nisnncc  <»f  eminent  men  of  science.  The 
tvpojjraphicai  •lrcs>  and  ilhi^tiMli«'ns  which  ha\e  heretofore  j^ivt-n  character  to  this 
niaj^azine  will  he  su>taiiie(l,  an<I  it  will  l>e  oi  a  thomuj^hly  piipular  nature,  :iO  as  to 
interest  the  general  rea«ler  as  well  a-^  the  y«»UMj;j  naturalist.  It  will  continue  to  be 
a  journal  of  '.cience-edueation  ami  t^r  the  u^e  ol   -cience  teachers 

'Die  eij^hteeutli  and  ninvternih  vi»lumes  were  douMe  the  >i/e  of  the  earlier 
volumes:  an«l  for  vaiiety,  iniviest  an.l  fiesluK-^s  of  >iienlilic  news,  it  is  claimed 
that  the  N  \n  K  M.isf  /■»  .\'////.7// «?  r/Tti/. 

Kach  nuniher  of  ihe  N.Mi  km  im'  eontaius  larefully  written  original  articles 
on  variiius  scientilic  suhjects,  and.  in  addiji«»ii.  iwflvc  de))artments — Recent 
turt\  (/'■•(\i;r,7/>/!y  ,7fi(/  '//./rvA.    (,',,  /\'y  ,tf/t/  /\th'iU}UfhiiY.    Mint'raloj^\\    Botany^ 

The  department  of  liniany  i^  edi'ed   hy  Trot'.  ('.  K.  ISkssv,  that  of  MicrosoopJ  k 
edited   by  I'rof.  (.".  (»    Wmmman,  th.it  «»f  Mini-rilnj^y  i^  edited   by  Dr    Geo.  H, 
Wii.i.lAMs.  and  that  ni   rhy-;i'.l'>«^y   by   iVof.    llKNkV   Skwki.i.,  while  the  depart- 
ment of  (ic'o;;raphy  and    I  laviU  i^  edit.'d  by  \V.  \.   Iju  KINi;T(>X.       Prof.  OtIS  T. 
M  \smn  will  ecjntinue  hi-*  monthly   summaries  ol    \nthropological  News,  and  will 
eijil   the  departnienl  <i(   .////■/ .-v A-/. v.i'       We  added   this  year  a  department   of  Em- 
/f/yo/o'^W  under  one  of  our  abe>l  in\rsiij;a!iii->,  Mr.  Jno  A    RviiKR.  of  the  Smith- 
sonian Institution.     .Xrranj^t  nients  have  been   made   In   rejiorl   the    fhroceedimgs  ef 
S.iintifif   Sih-/t//,\i  with  promptness.     I'ariieular  attention  will  be   given  to  micro* 
seopieal  and  historical  di-^coNerie^*.  m'.ihtjd-  of  microscopical  research,  new  instni* 
ments,  nu'th<)d'»  of  cutriii«^  anil   suiniui;  ^-ctiMi-,  ftc      The  series    of  illustrated 
nion'»L;r.iplisoii  N.iith  Ainci.  :iii  fo^ril  v- r!'-!'!.iti>,  by  l'n»f  ( "ni'l',  will  be  continued. 
Th'-   ;ittciiti-i!i  ot"  pulili-hv.  I  -  .  !iil    'a- .' !ui  ■•   K   V  illr  1    io   ilic  critical    notices  of 
-t:!!!'].!!']  SI  i<-n'iri'-  Iiiwi:.^.  [■>  \\'ii;.h  C';«.r-  A  .ii:.  nti-iM  \\.i^  been  ijiven  tlic  past  year, 

;illJ    will    !i:-   ;.;!••■  II    ■l-.liili'.'    \'n-   r:i>IIIM;.'    \!-  :'. 

(  )iii^ni  il  ..' 'i-Ies   i.i    ri'ic-      ;    ■■■■  ■':,' '::'■■■/ ■■''   -.'n-  :  .i;h'i;:^  fiiffitm/isn    have 

.•[ipcu'd    111  \h  '  \.>Iimi..v    I-.;-  iSs.,  iS-._\  I    s;.   iS'^i  .Hid  iNS:.  amitn|4    whom    arc 

tlu-  follMW  1 11^:    - 

IM.  v\  «•    .\:.b.,t!,  U   v.  i--.   I.   II:I|.  Mr.  Ri-hanl  Kathluin. 

i'r..!.   I    <  .  ArhMi.  Nil.   i:    \V   i   !.«.!■. :■.  I  )r.  C"h.n  Ics  Uau. 

Mr.   i:     .\.   l'..i  "...•!.  I':  .'■.    r.  >tM!v  11.1!. I.  Mr.   I.  A.   Rvder. 

l'!..r.  W.   I.   i;.  .i!,  I':,  r.    \.   lU.-i't.  Dr.  k.  \V.  ^'buleldt, 

I'r.:.  W.K     r.-  ..,:..,,  I-.:--..  ^-  li-.;'--.:-I  l»:     T.  II    Srr.-L:>. 

Ml     I  ■!■.'.  ■.-!   r.i.iv--.  I'l.  !.    I  I.  >     I    !■;.  ;.  I'H.f    S.   I.  Smith. 

Hui.   I.   J)  «    .1.11.  Ml     I.  >     Kvvi   ■•  I'l.M.   \     M.  Sj..'.ldiivu:. 

I>r.   1  Jli'tt  ^  .  r.-,.  I".  .'.  >.'ii   !    I       1.V...I,  I.  1-".  \Mii!ea\e<, 

I»i.   W.   II     li..:.  I  ...I     I  .   .    I..  ..     ■    ..■:  N.  I'l.  1".  V.  II.  .<nou. 

I'--.'.  W  :;•.•'    i.N...=.  !■■  .|.(,     M    :1     :.  .-.  Dr    k.  i:.  i'.  Stearns, 

i'K'f.  ^.  .\.  i':i-.  !>■.  I    Ii      \'  !>i.i'..        r.->r. «  vnis  rii.iiiui>. 

Ml.   I     \\     l:vL.--.  \l:-    «  "..    ■■  ..    M;m  .  Ml..   M'.irv    I  iv.u. 

I'l  .!."   \  .  •  ■'..1  :  '..    K  .-.  l:.  ■■;     lb   .%  «  .   \:.  '  ■.  ..L.  \I..  Wm  'Tuleise, 

Mr.   Il'iiiv   <.i."".!.i.  Ti.  :.  '      •.    ■    ■■  I   ■-.   ■  ;  ■  •  '.  Dr.   M.   I'!    \Vi'l>w.-nlh. 

Di.  I  .  I.   i  .  •  .1  ■!.  -.  I-,.  ;     I  .  -.    M         .  Di.  K.  11.  Ward. 

Ml.   r  !v.  .  ■:   I     .'.I..:..  I  .   ■'.   .\     \     I  :.:■:•-■.  I":-..!.  C'.  .\.  W  bite. 

I'l-.r    r.  \.  I!-.    ■•..  D.     !'.  W.  I-.   ::   ...  I'r.l"    R.  R.m.viv    Wri^rht. 

Sff/'srrl/j/ hut     l*iii->.    S'.tio    />, /•   .limiiin,    in    .hlraurf. 

Km..'    ■;.•        '■••■  ■:.  :".l  -'   ■      •!.     I  ■.!:-.  ■       1    ,«.-■«  ••i''.er.  tjr.ili  na    I'hila'lclphia 

..:  \-  v.-  \-  V.  •■',  :e/.  t.  :v  ■  .  :vI:CALLA  &  STAVBLT, 

237-9  Dock  Street,  Philadelphia,  Pa. 
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EDITORIAL  STATEMENT. 


We  note  with  pleasure  the  growing  interest  in  the  work  represent- 
ed by  this  publication  and  the  greatly  increased  facilities  now  afforded 
for  advanced  work.  The  present  volume,  although  the  work  of  more 
hands  than  that  of  last  year,  does  not  adequately  indicate  the  scope  which 
the  publication  is  expected  to  cover,  because  a  disproportionate  amount 
of  space  has  been  given  to  geological  discussions,  the  results  of  which  it 
is  hoped  to  immediately  employ.  Several  articles  again  crowded  out, 
as  well  as  the  promised  instalments  of  continued  papers,  will  appear 
in  the  next  issue  The  department  of  Chemistry  and  Physics  may  be 
expected  to  contribute  its  full  quota  to  the  interest  of  the  publication. 

We  need  hardly  remind  the  professional  naturalist  that  other  con- 
siderations are  subordinated  to  the  educational,  and  the  papers  are 
strictly,  as  they  profess  to  be,  outgrowths  of  class  work  and  laboratory 
exercise.  If,  notwithstanding,  results  of  a  certain  degree  of  interest 
as  contributions  to  science  develop,  it  will  not  be  regretted  by  us.  It 
ought  not  to  be  necessary  to  say  that  the  material  is  in  each  case  origi- 
nal, and  collected,  as  well  as  elaborated,  by  those  to  whom  it  is  accred- 
ited. 

The  uniform  kindness  of  the  learned  societies  from  which  ex- 
changes have  been  solicited,  calls  for  grateful  recognition  on  our  part 
A  full  acknowledgement  will  be  found  in  the  next  issue. 

To  kind  friends  who  have  contributed  apparatus  and  specimens 
we  can  only  speak  general  indebtedness.  A  freezing  microtome  man-  • 
ufactured  and  donated  by  Dr.  Jacobs,  of  Newark,  should  be  appre- 
ciatively mentioned,  as  also  a  valuable  collection  of  eggs  presented 
by  Mr.  G.  D.  Pearce.  Finally,  it  should  be  said  that  the  means  for 
sustaining  this  publication  have  been  secured  solely  by  voluntary  con- 


tributton,  almost  the  entire  amount  being  donated  by  Hon.  K  J. 
Barney  and  Hon.  J.  B.  Thresher,  of  Dayton,  and  another  person  too 
immediately  interested  to  care  to  allow  his  name  to  appear.  The  re- 
sults of  the  laboratory  class  on  lake  Superior,  during  the  last  summer, 
were  so  satisfactory  that  it  is  hoped  to  repeat  the  experiment  on  a 
larger  scale  during  the  summer  of  1888.  The  editors  will  be  glad  to 
correspond  with  teachers  and  others  desiring  such  opportunities  as 
would  be  afforded  by  laboratory  work  at  a  station  located  upon  the 
Gulf  of  Mexico.  The  work  will  depend  somewhat  on  the  desires  of 
those  participating,  but  will  consist  chiefly  in  lectures  on  biology, 
chemistry,  physics,  and  geology,  and  laboratory  study  in  these  branch- 
es, as  well  as  detailed  investigation  of  the  peculiar  fauna  of  the  Gulf. 
The  co-operation  of  eminent  southern  naturalists  is  assiured,  and  the 
imperfectly  known  crystalline  rocks  of  the  South  will  afford  a  fine 
field  for  the  lithologist,  as  the  proposed  scheme  involves  a  short  tour 
in  the  mountains  of  Alabama.  The  facilities  of  the  coUege  laborato- 
ries will  be  placed  at  the  disposal  of  the  workers  so  £ur  as  may  be  prac- 
ticable and  Idl  obtainable  ai4s  will  be  secured. 


r 
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HISTORY  OF  LICKING  COUNTY, 


Every  acre  of  our  earth's  surface  is  marked  with  tracery  which,  if 
I*^»-t»ently  studied  and  correctly  interpreted,  will  supply  pages  in  the 
""*^"-^«r<iry  of  creation.  The  mind  which  has  ceased  to  be  interested  by 
^*^^^  record  thus  preserved  or  which  inclines  to  ridicule  the  youthful 
^*^  ftiusiasm  which  sees  in  all  natural  phenomena  manifestations  of  Di- 
*''**^^^  intelligence,  must  be  far  forward  in  its  differentiation  (or  rather 
^■'^^^.iirerent-isatioii)  toward  the  Nirvana  of  blase'  modern  scientists. 

We  believe  that  there  is  vast  gain  every  way  in  supplementing  the 
"^^^■■^■jral  curiosity  which  furnishes  the  earliest  incentive  to  investigation 
_  y  malurer  faith  in  immanent  Divinity  in  nature.  Still  more  useful 
*^  it  if  one  feels  that  the  problems  afforded  by  the  earthy  records  are 
^~-*"*^<d's  gifts  lo  us  with  the  intent  thit  we  should  learn  to  know  his  will 
*^*^cerning  the  earth  as  well  as  ourselves. 

This  paper  is  intended  to  outline  briefly  those  facts  in  the  geologi- 

^'-^      history  which  lie  easily  within  the  reach  of  any  one  living  in   this 

*^*-*'^Tity.  and  to  afford  the  means  of  studying  intelligently  the  portion 

*:he  geological  column   lying  exposed  in  this   part  of  Ohio.      In   as 

^^*-»^h,  however,  as  the  column  is  an  integer,  the  investigation  of  one 

^^^'t  is  of  importance  in  the  study  of  the  rest. 

Fai-  too  little  has  as  yet  been  done  in  the  careful  and  systematic 

*-*<3y  of  limited  fields.     We  need  in  geology  more  than  elaborate  gen- 

.  *"^lizations  on  insufficient  data,  carefully  elaborated  pictures  of  limited 

■  -^  ^as  and  the  succession  of  life  traceable  in  closely  related  strata.  We 
I  ^'teve  it  possible  to  become  almost  as  familiar  with  the  fauna  and 
B          ,  ^**"3  of  Licking  county,  for  instance,  during  the  time  when  coal  depos- 

■  la  ^gfg  forming  as  we  are  with  its  present  animals  and  plants.  The 
^         ^^  edition  whether  ih;  earth  has  been  repeopled  at  the  opening  of  each 
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era,  as  claimed  by  some,  or  gradually  reached  its  present  condition 
progressive  development  and  continuous  differentiation,  is  most  lik* 
to  be  settled  by  such  detailed  study  of  superposed  strata.     The  wo: 
represented  by  the  notes  here  given  has  been  the  recreation  of  spa 
moments  during  less  than  a  year,  but  has  been  sufficient  to  indicate  a 
almost  exhaustless  mine  of  interesting  information.     It  is  hoped  t 
the  study  may  be  pursued  much  further.      The  accumulation  of  mat 
rial  has  been  greatly  facilitated  by  the  co-operation  of  the  class  in  lit 
ology  of  1886,  some  members  of  which  have  continued  to  assist  in  thi 
necessary  collecting  and  field-work.     Mr.  Foerste,  of  '87,  has  also  ren 
dered  efficient  aid  in  collecting  and  otherwise. 

In  as  much  as  the  study  was  carried  on  independently  of  the  pub- 
lished reports  it  is  gratifying  to  observe  the    substantial  accord  of  o 
results  with  those  of  the  Geological  Survey,  so  far  as  the  latter  ex— 
tend.     The  examination  was  restricted  to  a  band  some  miles  in  width 
extending  from  Alexandria  to  Brownsville,  with  the  view  ofperfectin 
a  geological  section  across  the  line  of  contact  between  the  coal  meas 
ures  and  the  sub-carboniferous  formations,  which  alone  are  here  repre 
sented.     Our  plan  has  been  to  study  the  various  quarries  and  natu: 
exposures,  gathering  such  information  as  may  be  furnished  by  fossil 
or  stratigra|)hy,  then  proceeding  to  parallelize  as  far  as  possible  th 
strata  which  arc  rccogni/.able.       It  is  surprising  how  many  hints  a  bar- 
ren looking  heap  of  rock  may  often  furnish.      The  dip  of  strata  is  often 
only  ohtainahle  1)\'  the  use  of  a  transit  as   it  varies  little  from  the  hori- 
zontal.     As  we  p  iss  from  horizon  to  horizon  the  imagination  sees  broad 
sandy  shcjals,  marked  hy  rij)j)les.  and  here  and  there  exposing  to  view 
bivalves  ot  unfamiliar  form,  or  detached  valves  of  brachiopods.      Again 
a  shallow  lagoon,  with  a  muddy  bottom  supporting  a  luxuriant  vegeta- 
tion of  Spirophyton  sea-weeds,  whose    broad   leaves  floated  about  like 
the  jioud-weeds  u[  to-day.      Among  these  darted  the  trilobites,  spring- 
ing   l)a(  kward  by  a  (piick  stroke  of  the  tail,  or  lazily  floating    near  the 
surfiK  e,  or   (  rawling  along   the  under   surfaces  of  their  leafy  retreats. 
In  clearer  sjn)ts  the  sea-lily  spread  its  graceful  but  direful  petals    while 
an   octasional  hornv  shielded   fish   flashed  bv  in  i)ursuit   of  slow-swim- 
ming  g<isteropods.       Here   one  reads   [)roof  of  a   stormy  promontory, 
where  the  waves  ravened  j)itilessly   about  the  abutting  clifTs,  and  scat- 
tered the  eroded  material  in  bars  and  banks  within  sheltering  coves,  or 
distributed  it  bv  currents  more  ciiuallv  over  a  wide  area.      Such    was 
the   c<jndition  of  Oranviile   and  the  adjacent  townships  before  it    was 
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forever  beyond  the  creative  touch  of  the  ocean.  The  Waverly 
of  rocks  is  the  result  of  the  quiet  but  constant  efforts  of  our 
most  modem  sea.  Farther  east,  however,  the  sea  still  coniinued,  but 
cut  off  from  direct  communication  with  the  western  ocean  and  only 
now  and  then  keeping  up  the  union  at  the  south.  The  townships  of 
Madison  and  Hopeweli  were  covered  by  shallow  lagoons  of  salt  water. 
It  was  now  a  period  of  quiet.  The  gradual  formation  of  a  ridge  of 
considerable  width,  along  the  axis,  extending  from  Cincinnati  to  To- 
ed o,  had  cut  off  the  "sou-w.'st'iri,"  which  had  stunted  vegetation, 
land  along  the  borders  of  the  steaming  iHgonns  a  dense  forest  of  ferns 
and  succulent  vegetation  of  unfamiliar  kinds  sprang  up.  The  lepido- 
dendrids,  whose  trunks  had  occasionally  been  preserved  in  the  sand- 
bars of  the  Waverly  sea,  gave  place  to  a  more  dense  growth,  which 
literally  buried  itself  under  its  own  profusion  and  the  decaying  boughs 
were  soon  submerged  by  the  variable,  though  shallow  waters.  There 
were,  however,  constandy  recurring  periods  when  the  ocean  asserted 
its  ascendency;  local  or  general  depressions  were  followed  by  inva- 
sions of  deep  arms  of  the  sea,  which  eroded  the  distant  granite  or 
nearer  sand  hills  and  covered  all  evidences  of  forest  luxuriance  with 
sand.  The  animals  which  swarmed  in  the  shallow  lagoons  were  such. 
as  are  found  everywhere  in  the  coal  measures  and  the  accompanying 
plates  illustrate  the  most  important  species. 

The  above  history  is  recorded  in  alternating  layers  of  shale,  coal,. 
and  white  sandstone.  In  the  following  diagram  the  sequence  of  strata- 
is  illustrated,  while  the  sections  of  Fig.  z  show  the  chief  observed  ex- 
Bures  and  their  relations,  as  further  indicated  upon  the  geological 
\ 
(The  section  represented  in  Figure  i,  is,  in  general,  east  and 
west,  but  there  is  also  introduced  a  partial  section  from  Madison  town- 
ship, which  is  nearly  north  and  south,  exhibiting  a  greater  dip,  proba- 
bly of  a  local  nature,  as  above  indicated.  The  vertical  scale  is  greatly 
jgeratcd— 50  feet  vertical,  equalling  one  mile  horizontal.) 
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Altogether,  it  would  seem  that  modern  measures  as  applied  to  calcula- 
tions in  the  Paleozoic,  are  likely  to  be  too  long  rather  than  loo  short. 
Here  the  question  naturally  arises,  what  is  the  source  of  all  the  mate- 
rial thus  accumulated,  especially  the  (ju.trtz.  Most  of  the  white  sand- 
stones of  the  coal  measures  are  highly  micaceous  and  in  places  the 
loose  sandstone  has  a  schistose  character,  due  lo  the  presence  of  large 
amounts  of  light  colored  mica.  Suth  deports  can  be  m-Kt  readily  ex- 
plained by  supposing  them  more  or  less  directly  derived  from  granite 
Tocks,  which  were  first  kaolini-;ed,  the  aluminous  or  fedspathic  Ingredi- 
ents being  sep.irated  .ind  floated  to  a  distance,  there  producing  the 
shales,  while  the  sand  is  accumulated  near  the  shore  line.  The  mica 
is  partly  separated,  but  is  always  found  in  connection  with  arenaceous 
deposits.  But  how  is  it  that  such  large  deposits  of  sand  are  found  at  so 
^reai  a  diitcince  from  granitic  ranges  ?  To  this  it  might  be  suggested 
that  many  spars  of  the  Archean  continent  had  remained  even  near 
this  area  and  that  the  material  was  thus  derived  directly.  Such  spurs 
"would,  however,  be  very  likely  to  leave  other  evidences  of  their  exist- 
ence. It  might  be,  on  the  other  hand,  that  during  the  preceding  (De- 
■vonian)  age,  sandstones  had  been  accumulated,  which  now  fell  a  prey 
to  encroaching  and  receding  seas.  Hut  in  such  a  ca.se  we  might  hope 
-to  find  fragments  of  the  fossils  of  the  Devonian  among  carboniferous 
«leposits  or  in  other  ways  receive  information  of  the  appropriation, 
much  as  the  old  parchments  used  for  church  missials  have  been  forced 
to  reveal  the  more  ancient  heathen  lore  inscribed  beneath.  Aside 
from  the  negative  evidence  hinted  at,  we  have  the  fact  that  there  are 
liere  and  there  conglomerates  coniainmg  ([uartji-fragments  which  must 
in  all  probability,  have  been  derived  from  veins  such  as  are  found  ta 
igneous  rocks.  A  third  explanation  is  that  the  highlands  on  the  east 
and  north  really  supplied  the  materials  and  that  they  were  floated  and 
rolled  to  their  present  positions  by  tidal  and  wave  action.  This  theory 
receives  incidental  contirmation  in  several  ways.  We  find  the  heavier 
materials  collected  more  considerably  to  the  east,  even  in  as  narrow 
an  area  as  our  own.  Bands  of  Waverly  rock,  which  at  Granville  con- 
sist of  freestone,  become  conglomeritic  east  of  Newark.  Northeast  of 
Clay  Lick  there  seems  to  have  been  a  promontory  or  low  spit  during 
the  early  part  of  the  Waverly  epoch.  Here  accumulated  quantities  of 
sand  and  conglomerate,  while  to  the  south  and  west  layers  of  shale  and 
freestone  were  formed  at  the  same  horizon.  Then,  as  now,  the  dip  was 
southwest  at  this  point,  and  in  the  more  protected  reach  of  shore  to  the 
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I  -west,  tbere  gathered  at  intervals  great  floating  beds  or  tangles  of  sea- 
I  weeds.  Currents  setting  from  the  northeast,  bearing  freight  of  sand 
I  And  gravel,  would  naturally  deposit  all  but  the  lighter  in  making  this 
I  point,  and  in  the  slower  eddies  beyond  drop  the  clays  we  really  find. 
I  Now  it  remains  to  notice  that  there  was  evidently  a   considerable 

L  interval  between  the  fossiliferous  beds  of  the  upper  Waverly  and  the 
I  fossil  bearing  shiles  of  the  coal  measures— a  far  greater  interval  than 
I  is  represented  by  the  170-180  feet  intervening.     An  interval  of  too 
rfeet  b;tween  the  shule  at  Flint  Ridge  and  the  silicious  limestone  seems 
f  to  have  produced  no  marked  change  in  fauna,  many  identical   species 
V  being  found,  while  very  few  forms  pass  from  the  Wnverly  into  the  cnal 
I  measures.     This  might  be  partially   explained  by  the  changed  coudi- 
i  tions,  but  that  this  is  insufficient  is  indicated  by  the  fact  that  Waverly 
I  teestones  contain  many  species  identic.il  with  limestones  of  the  same 
I  fcoriion  (S^J^rgeu    Hill)  in  Indiana.       However,  it  may  be  in  part  ex* 
I  plained  by  supposing  that  the  waters  during  the  \\'averly  epoch  were 
I  connected  with  the  sea  at  the  west,  while  during  the  coal  measures 
period  the  sea  w.is  part  of  a  southeastern  basin,  which  in  the  meantime 
had  becom.-  indepenJeni.     Nevt-riheless,  we  have  evidence  of  a  pe- 
riod  left  unrepresented  in   Kicking  county,  but  which  was  employed 
farther  south  iu  the  formilion  of  sub-carboniferous  limestones  (Max- 
^-villc.) 

in  order  to  determme  the  exact  relation  between  the  strata  men- 
f  tioned  it  will  be  necessary  to  carefully  study  and  compare  all  the  re- 
I   mains  preserved,  as  well  as  to  carry  strati  graphical  research  beyond  the 
Is  assigned.       We  will   examine,  therefore,   first  of  all  the  fossils 
found  in  a  thin  layer  of  black  shale  immediately  overlying  the  coal  at 
■Flint  Ridge  and  lying  about  100   feet  below  the  summit  of  the  ridge. 
This  stratum  appears  upon  the  top  of  Bald   Hill,  near   Newark,  with 
_  identical  fossils  and  lithological  character.      It  is  here  not  supported  by 
coal,  but  lies  100  feel  above   the  lowest  coal   horiion  in  the   county 
(about  73  feet  only  above  the  Waverly).       This  shale  also  appears  to- 
ward Brownsville,  wherever  its  horizon  is  reached.     This  is  undoubt- 
I  edly  coat  measure  rock  and  its  fossils  are  those  found  in  the  coal  meas- 
ures of  West  Virginia.    Illinois.    Missouri,   and  the  far  West.     After 
enumerating  these,  comparisons  may  be   instituted  with  the  Waverly 
and  sub-carboniferous  limestone  ns  well  as  the  silicious  limestone  above. 
This  narrow  bind  of  shale  is  one  of  the  most  highly  fossiliferous  straU 
known,  though  the  number  of  species  is  not  relatively  so  great. 
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Should  there  be  found  errors  of  identification,  as  would  be  nat- 
ural where  it  has  frequently  been  impossible  lo  obtain  reliable  exam- 
ples of  related  forms,  and  in  spite  of  obvious  incompleteness,  it  is 
hoped  that,  in  as  much  as  most  of  the  forms  described  are  figured,  this 
catalogue  may  serve  a  good  purpose  in  several  wa3's. 

The  Surface  Geology  of  the  southeastern  pan  of  Licking  county. 
does  not  present  any  very  striking  points,  but  it  may  be  interesting  to 
notice  a  few  of  the  salient  features.  The  drainage  is  toward  the  south- 
east, the  tributaries  of  the  Licking  river,  constituting  almost  the  only 
Streams,  except  in  Bowling  Green  township.  The  only  large  body  of 
-water  is  the  reservoir  in  Union  and  Licking  townships. 

Granville  township  furnishes  numerous  exposures  of  the  Waverly 

^rock,  which  here  may  be  separated  into  an  upper  massive  portion  fur- 

snishing  available  freestone  for  foundations  and  construction  below  the 

-^vater  table  and  for  coarse  masonry,  and  the  lowest  shaly  portion  which 

is   here  and  there  interrupted  by  beds  of  freestone.     The  quarries  are 

^^1    in  the  hill  lops  and  may  be  found  in  many  parts  of  the  township, 

everywhere,  in  fact,  where  the  elevation  is  great  enough.     But  few  are 

■^vorked  more  than  needed  for  local  consumption,  but  in  the  vicinity  of 

<iranville.  especially  in  the  hills  lying  north  of  the  village,  are  several 

-■which  are  considerably  developed.     The  best  exposure  in  the  township 

is  midway  between  Granville  and  Newark  and  is  formed  by  the  ero- 

^un  of  Raccoon  creek.     The  section  at  this  place  ts  a  typical  one  and 

«xposes  all  rocks  found  in  the  township,  except  a  few  feel  above. 

About  150  feet  is   therefore   the  approximate  vertical  measure  for  the 

«ownship.     The  tipper  courses  are  in  places  very   fossiliferous,  Creni- 

jiecten  Winchelli  being  a  characteristic  fossil.     Below   it  is  a  layer   of 

shale  characterized  by  the  plant  Spirophyton,  and  below  this  an  18-inch 

tand  of  conglomerate.     A  few  feet  below  the  conglomerate  is  a  dark 

shale,  affording  many  lamellibranchs.  AUorisma  hannibalensis  being 

abundant.     The  free-stone  bdow  is  apt  to  be  full  of  a  species  of  Cam- 

«roplioria  and  many  other  fossils.     The  lower  shalesare  usually  barren  of 

other  fossils  than  the  stems  of  fucoids.      At  Spring  Valley,  a  beautiful 

<iell  a  half  mile  southwest  of  Granville,  a  good  exposure  of  the  shale 

may  be  seen  which  is,  however,  much  surpassed  at  Moot's  Run,  nearer 

to  Alexandria.      Union  township  lies  almost  wholly  below  the  free 

Stone,  though  several  exposures  of  the  shale  may  be  found  along  the 

■treams.     This  shale  is  in  many  places  highly  concretionary,  the  nodu- 

^fes  often  containing  plant  or  animal  remains.       At  Moot's  run,  some 
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|D(erestin({  Producli  have  been  found  imbedded  in  these  coacrelio***" 
Northeast  of  Granville  is  a  very  rough  section  of  the  counij-  and  h^^^ 
the  conglomerate  is  more  highly  developed  than  elsewhere,  and  i»  oC^^ 
highly  foasiliferous,   Chonetes  illlnoisensis,   Spirifer  carteri.   and  tr«" 
^cr  Kpeeies,  as  well  as  large  specimens  of  Hemiproniies  being   t'*^* 
characteristic  fossils.     The  highest  hills  in  this  vicinity  are  perhaps  »    .S" 
fcci  above  the  altitude  of  the  conglomerate,  at  the  "dug  way,"  and  nrm  -^^1 
be  near  [he  line  of  juncture  with  ihe  coal-measure  sandstone  or,      :>^-''' 
deed,  may  contain   a  few  feet  of  that  rock,  though  only  surface  fr^^»-<' 
ments  of  such  a  rock  have  been  seen.     The  thickness  of  the  conglo  "^k^^" 
erate  ur  coarse  Wavcrly  sandstone  is  estimated  at  twenty  feet  and  grc—  ^__ 
uatca  insensibly   into  the  olive  free-sione,  as  well  shown  a  half  n^     ~^ 
northeast  of  the  "dug  way,"  half  way  from  Granville  to  Newa^ 
The  free-stone  extends  m  these  hills  to  some  1 20  feet  above  their  bas«^^^^^' 
{or  perhaps  60-80  feet  above  the    iS-inch   layer  of  conglomerate,  i^^^"^'* 
being  a  mere  estimate).     The  dip  is  here  very  slight,  probably  sou    "^^^ 
east.  ^„,-n 

Hebron    Hill,  south  of  Granville,  is    106  feet  above  the  B.  &  ^^^^i 
track,  south  of  iL     South  of  Newark,  along  the  right  bank  of  Sol^^^_ 
Fork  of  Licking,   are  many  exposures  of  the   VVaverly  rock.      T^^^^^ 

abutment  of  the  bridge  crossing  this  stream,  west  of  Mechanicsbiir_ -  ^^ 

is  170  feet  lower  than  the  top  of  Hebron  Hill  and  about  60  feet  belo" 
the  B.  &  O.  track,  as  indicated.     The  hills  cast  of  the  bridge  ri; 
feet  and  do  not  reach  the  coal-measure  sandstone.     The  village  < 
Mechanicsburg  is  150  feet  above  the  abutments,  but  a  few  rods  eas0 
at  the  Licking  township  line,  are  hills  over   200  feet  high,  with    thirt;;:; 
to  forty  feet  of  the  characteristic  white  sandstone  and  conglomerate-^  — 
It  is  here  massive  and  might  be  quarried  with  ease.     A  few  rods  nortlr  "" 
east  is  a  high  hill,  300  feet  above  the  bridge,  where  there  seemed  tc^ 
be  about  1 1 5  feet  of  coal-measure  rock,  part  of  which  is  a   ferrugine— 
ous  shale,  and  extends  far  above  the  horizon  of  the  Bald  Hill  coaL 
Indeed,  some  indications  of  its  presence  could  be  detected.     The  sum- 
mit of  this  hill  is  some  60  feet  higher  than  the  horizon  of  Bald   Hill 
coal  and  another  hill  east  of  Bald  Hill   rises  to  a  considerably  greater 
height,  though  not  to  the  horizon  of  the  Flint  Ridge  shale,  as  docs 
Bald  Hill,  100  feet  above  the  coal.      The  reservoir  lies  in  a  depressed 
region  in  Union  and  Licking  townships,  but  is  bounded  on  the  east  by 
low  hills.      A  trip  through  this  region  revealed  the  presence  of  Waverly 
shales  and  freestone,  with  characteristic  fossils.      A  mile  eastward,  45 
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feet  above  the  T.  &  O.  C.  R.  R.  track  at  the  reservoir,  by  combining 
various  exposures  a  thickness  for  the  Waverly  of  over  loo  feet  at  least 
can  be  made  out.  Thorn ville  is  about  i8o  feet  higher  than  the  rail- 
road, and  the  Waverly  shales  west  of  Amsterdam  are  ten  or  twenty 
feet  higher.  A  range  of  hills  half  a  mile  to  the  south  of  the  National 
Road,  rise  to  280  feet  and  expose  at  least  85  feet  of  coal-measure  sand- 
stone and  conglomerate,  here  of  a  white  color  and  full  of  Lepidoden- 
dron  stems  and  other  plants.  The  base  of  the  sandstone  is  marked 
by  a  line  of  springs.  It  is  not  now  possible  to  compare  these  eleva- 
tions  with  those  farther  north,  but  evidently  the  relations  are  precisely 
the  same.  Although  a  sub-carboniferous  limestone  is  marked  on  the  map 
published  by  the  Ohio  Geological  Survey,  no  indications  of  its  existence 
"^ere  seen  in  Licking  county.  On  the  other  hand,  the  Waverly  seems 
to  extend  to  the  base  of  the  coal-measures  exactly  as  elsewhere. 

Passing  east  from  Newark  many  exposures  of  the  Waverly  are 
found  along  Licking  river,  but  the  most  characteristic  exposure  is  in  a 
large  quarry  (the  largest  in  the  country),  in  the  southeastern  corner  of 
Newark  township.  It  is  possible  to  trace  the  whole  section  from  Lick- 
^^S  river  to  the  top  of  Bald  Hill,  in  the  southwest  corner  of  Madison. 
^^  results  of  our  study  are  embodied  in  the  section  accompanying. 
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E   TO    NEWTON. 


Franklin  and  Hopewell  townships  are  very  rough  and  are  inte*' — 
sccted  in  every  direction  by  valleys.      Flint  Ridge,  the  highest  po*"-^ 
tion  of  the  county,  furnishes  the  best  continuous  section  of  the  coal" 
measures.     In  the  southeastern  pari  of  Madison  township  are  severa-l 
hills  which   reach  within   200  feet  of  the   top  of  Flint   Ridge,  i.  e.,  XO 
beyond  the  base  of  the  coal-measures  sandstone.     In  the  northeastern 
part  of  Franklin  township  are   several  hills  exposing  various  parts  of 
the  coal-measure  series  which  seems  to  dip  rather  strongly  to  the  south. 
The  coal  at  Flint  Ridge  occupies  a  small  local  basin  and  cannot  be  ex- 
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pected  lo  prove  continuous.      It  seems  lo  lie  some  i6o  feet  above  the 
Waverly.     The  highest  hill  in  the  count>-,  so  farseen,  lies  in  Hopewell, 
a  raile  or  more  south  of  this  mine,  and   its  summit  is  135  feet  above 
the  coal.     The  upper  30  feet  or  more  is  composed  of  the  flinty  lime- 
stone which  caps  the  ridge.     This  limestone  contains  many  impressions 
of  foramifera  (Fusulina  cylindrica),  and  but  few  fossils,  among  which' 
^'■e    Choneies  mesoloba,  Productus  tongispinus,   Pernopecten  n.  sp., 
i    ^Ucmphalus  sp.,  Produclus  muricatus,  P.  nebrascensis,  and  bryozoans. 
'  ^~^is  hill  is  250  feet  above  the  National  Road,  directly  south.     This 
*"*=>iid  is  mended  with  the  carboniferous  shale  of  [he  horizon  of  the  Flint 
■^idge  cool.     Near  Brownsville  the  sub-carboniferous  limestone  Is  said 
,  ~*-*      appear,  but  we  have  not  been  able  to  find  it,  and  it  seems  impossi- 
**l^  that  so  low  a  horizon  could  be  reached. 

I  It  remains  to  lake  a  hasty   view  of  the  region  about  Clay  Lick 

f^tiilion,  in    Hanover  township.      Here  in  the  middle  of  Hanover  is  a 

rfe^'^at  development  of  the  conglomeratic  phase  of  the  Waveriy.      One 

l^^lf  mile  easi  of  Clay  Lick  there  is  a  nearly  coniinuous  exposure  of 

R*Viout    100  feet  of  alternaling  conglomerate  and  coarse  sandstone  of 

'V^Tevailingly  red  color.     West  of  Clay  Lick  there  is  a  considerable  dip 

!*<:)  the  west  or  souihwesl.     The  dip  is  about  seven  feet  to  the  hundred. 

'■  -^t  a  disi.ince  of  a  mile  south  or  northwest  the  exposure  gives  a  dip  of 

'  ^-bout  3.6  feet  in  the  hundred  to  the  northwest.     These  may  be  simply 

laical    flexlurcs.     It  is  altogether  probable  that  a  spit  or  har  extended 

i  nto  the  sea  northeast  of  Clay  Lick  and  there  great  qunniities  of  sand 

■and    gravel  were  accumulated,  while  the  clayey  deposits  to  the  south 

^.nd   west  were  longer  under  the  sea  and  sank  somewhat  under  the 

■weigh:  of  the  massive  deposits  south  of  them.     In  the  creek  bed  at 

the   last  mentioned  exposure,  a  mile  south  of  Clay    Lick,  is  nearly  a 

"huDdred  feet  of  continuously  exposed  VVaverly,  showing  none  of  the 

conglomeratic  character  found  east  of  Clay  Lick. 

In  order  to  define  as  nearly  as  possible  the  relations  between  the 
formitions  in  Licking  and  adjoining  cjunlies,  h  histy  excursion  was 
made  into  Muskingum  county,  with  the  results  compendiously  exhib- 
ited in  the  sections  of  Fig.  x.  The  barometic  readings  were  interfered 
with  by  atmospheric  changes  in  passing  from  Mt.  P<;rry  to  Brownsville, 
so  that  the  connection  is  not  complete,  but  it  is  believed  that  the  rela- 
tions are  relatively  correct.  Near  Newton  is  a  good  exposure  of  over 
100  feel,  which  ia  shown  at  No.  I.  The  Maxville  limestone  is  near 
the  water 'and  continues  near  the  surface  of  the  stream  nearly  to  Mt. 
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Perry.  The  dip  from  Mt.  Perry  to  Newton  appears  to  be  OOt  l 
than  350  feet,  with  no  noticeable  change  in  the  relative  thickness  oE' 
the  exposed  strata.  The  whole  distance  southeast  represented  by  the 
grouped  sections,  is  about  30  miles.  The  dip  southeast  accomplished 
in  this  distance  is  roughly  estimated  at  from  300  to  350  feet,  c 
thing  over  ten  feet  to  the  mile ;  but  the  dip  is  much  more  abrupt  afi<r 
passing  about  six  to  eight  miles  east  of  Granville.  It  would  se 
observations  so  far  obtained  thai  there  is  every  where  a  rather  abrup 
decline  along  a  line  a  short  but  variable  distance  from  the  edge  of  tlu 
coal  Reld,  so  that  the  sub-carboniferous  with  a  portion  of  the  coal 
measures  extends  outward  in  the  form  of  a  flat  rim  to  the  m( 
cave  central  basin.  In  some  places  this  line  is  almost  of  the  nature  0 
a  fault  and  causes  some  obscurity.  This  line  crosses  tlie  Licking  rivfl 
a  mile  or  so  east  of  Clay  Lick. 

In  the  next  paper  we  shall  be  able  to  make  more  detailed  coa 
parisons  of  the  faun^  represented.      Enough  is  now  knowo  to  assii 
us  that  many  species  have  continued  from  the  beginning  to  the  end 
this  period.      In  other  cases  the  coal-measures  contain  forms  whi 
might  be  considered  the  somewhat  modified  descendants  of  Wave? 
species.      Nevertheless  there  are  many,  perhaps  a  majority  of  forii 
which  do  not  exhibit  a  traceable  connection  with  the  Waverly  or  Iowa 
horizons.       How  much  of  this  disparity    is  to  be  explained   by  1 
changed  conditions  of  life — how  much  by  the  fact  that  the  connectiol 
was  with  a  different  sea  basin,  and  how  much  these  categories  lea»t 
unexplained,  bids  fair  to  prove  a  perplexing  question.     Such  problenj 
as  these  demand  careful  scrutiny  and,  if  possible,  adei]uate  treatmeat 


CRUSTACEA. 

Trilobita. 

Only  one  species  of  trilobite  has  been  encountered  and  lU 

fully  described  in  connection  with  the  discussion  of  Carboniferous  tril*^ 

obiles  upon  a  later  page  of  this  issue. 

The  only  other  remains  suggesting  crustacean  affinities  i( 
rious  valve  or  plate,  figure  it,  Plate  I.     In  some  respects  this  resem 
bles  the  valve  of  an  Ostracodc  crustacean,  with  a  very  thick  shell. 
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Cephalopoda.  , 

Genus   Ortfioc^ras. 
Orthoceras  cribrosiittv,  cieiiiitz.  (?) 
(Plate  V,  Fig.   2.) 

There  is  but  one  species  of  Orthoceras  at  all  abundant  at  Flint 
Ridge,  and  ihis  is  invariably  more  or  less  crushed.  A  smaller  species 
like  O.  Tushensis,  has  been  doubtfully  identified.  An  average  exam- 
ple of  our  species  is  from  three  to  four  inches  in  total  length,  with  a 
rather  gradual  expansion.  About  a  fourth  or  fifth  part  of  the  shell  be- 
low is  without  visible  septa  and  is  more  rapidly  expanded  than  the  re- 
mainder, which  is  apparently  cylindrical,  having  moderately  concave 
septa,  separated  by  intervals  of  about  four  and  one-half  into  the  width 
of  the  shelL  The  siphuncle  is  apparently  nearly  central  (?)  The  shell 
is  very  ihin  and  the  epidermis  apparently  unornamented  or  granular. 
The  removal  of  the  epidermis  reveals  a  nodose  line  near  one  side,  the 
nature  of  which  has  not  as  yet  been  determined  (Cf.  O.  duseri  of 
Lower  Silurian.) 

It  is  by  no  means  certain  that  the  identification  is  correct.  Geinitz 
laid  stress  upon  the  pitted  nature  of  the  shell,  though  his  figure  shows 
the  epidermis  to  have  been  exfoliated. 

JVatilua  sp. 
(Plate  II,  Fig.    17.) 
mts  of  what  appears  to  be  a  Nautilus  allied  to  N.  forbesi- 
mey,  are  not  rare,  but  none  of  them  indicate  the  shell  to 
ebeen  septate.     Awaiting  additional  material  these  are  inferred  to 
be  identical  with  N.  decoratus  of  Cox,  identified  with  the  above. 


GASTEROPODA. 

Genus  Bellerofhon. 

BelUrophon  percarinatus,  Conrad. 

(Plate  II,  Fig.  14.) 

Shell  subglobose ;  laterally  expanded  at  the  front;  umbilici  closed; 

outer  lip  thin  at  the  front,  thickened  by  callus  at  the  sides ;  inner  lip 
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thickened  by  callus,  which  is  sometimes  in  ihe  form  of  a  broad,  pro's*" 
ineni  lobe,  and  that  at  the  median  line;  the  last  volution  is  al*'^^ 
marked  by  one  strong,  rugose  or  nodose  median  carina,  which  exte** 
from  the  inner  lip  to  the  front  margin  ;  in  most  cases  there  is  a  vn<^^ 
or  less  distinct  revolving  ridge  at  each  side  of  the  mrdian  carina,  3-  "'^ 
of  equal  extent  with  it ;  the  whole  surface  is  also  marked  by  strc^  "E 
transverse  wrinkles  and  lines  of  growth,  but  sometimes  the  lat^^  ^ 
ridges  are  wanting.      Length  and  breadth  equal. 

This  species  is  represented  by  several  recognizable  fragments  fr^^"' 
Flint  Ridge  and  Bald  Hill,     The  description  is  quoted  for  refere««^=*' 

Bellerophon  nodoearinatas.  Hall  (>&  fKbltr.) 

(Plate  in.  Fig.  3.) 

A  number  of  specimens  of  a  rather  large  Bellerophon  are  in  ^^''" 
actly  the  condition  figured  by  White,  in  the  13th  report  of  the  Geolt*.S'' 
cal  Survey  of  Indiana.  The  lip  seems  to  be  but  slightly  exjiand^*^' 
general  form,  sub-globose;  dorsal  surface  of  outer  volution,  witi*  '^ 
subnodose  median  cirina  which  is  divided  by  A  furrow,  in  which  at  t  ^^"^ 
bottom  is  a  slightly  raised  line ;  on  either  side  the  carina  a  broad,  sl»^ 
low  sinus ;  proximally  the  volution  marked  by  prominent  distant  *"*" 
votving  ridges  and  the  carina  disappears;  the  carina  seems  to  ter*'**' 
nate  in  a  slight  dorsal  emargination  of  the  lip. 

None  of  our  specimens  preserve  the  aperture  or  umbilic*-* 
White  is  inclined  to  believe  his  B.  inspeciosus  a  variety  of  this  speci^^"" 

Bellerophon  Isub-cordiformis,  *?■  ■>■) 
(Plate  II,  Fig.  7  a,  b,  c) 
A  fragment  of  a  small  Bellerophon  may  be  noticed,  which  appew--^ 
to  indicate  a  specift  entirely  distinct  from  any  known  to  the  write  ^^ 
Neither  the  mouth  nor  the  umbilicus  is  visible,  but  the  last  coil  is  eV  * 
dently  very  rapidly  enlarged.     The  outline,  as  viewed  from  behind,  -^^ 
cordate;  the  diameter  in  the  plane  of  the  coils  nearly  equal  to  tl«  ^^ 
width ;  middle  of  outer  coil  carinate,  lip  apparently  regularly   expan<J'' 
ed;  surface  marked  by  oblique,  revolving,  rounded  ridges,  springing 
from   the  median  carina  and  passing  toward  the  lip,  between   thes^ 
ridges  are  impressed  lines,  containing  prominences  disposed  at  regular 
intervals.     This  peculiarity  of  the  surface  markings  alone  is  thought 
characteristic.     Width,  over  0.4  in.,  height  about  the  same.     Should 
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a  name  be  required  for  this  species  it  may  be  called  B.  subcordiformis. 
(A  somewhat  similar  surfaci;  ornamentation  is  found  in  the  otherwise 
very  different  B.  fuUchtUtu  of  Toula.) 

Bellerophon  Monifortianus,  N-  ai"l  l'- 
(Plate  II,  Fig.  I ;  Plate  V.  Fig  S.) 

The  largest  Bellerophon  fo"-:nd  at  Flint  Ridge  agrees  with  this  fine 
Species.  We  are  able  to  give  more  complete  figures  than  hiiherto  ob- 
tained, many  of  our  specimens,  though  crtished,  being  entire. 

Shell  proximally  very  small,  expanding  rapidly;  aperture  enor- 
mously expanded,  sub-reniform ;  outer  volution  with  a  deeply  impressed 
medial  sulcus  emarginating  the  lip  distally :  lip  thin,  with  a  prominent 
callous  where  covering  the  inner  coil.  The  surface  is  ornamented  by 
strong  revolving  lines,  which  are  separated  by  about  ten  strife  and  are 
crossed  by  fine  concentric  strite,  giving  the  whole  a  delicate  textile  na- 
ture. In  one  of  the  specimens  figurc:d  the  revolving  lines  do  not 
reach  the  lip,  but  the  none  with  only  concentric  lines  seems  due  to 
exfoliation.  The  surface  is  also  marked  by  distant  concentric  plica- 
tions which  become  more  numerous  proximally.  Width  of  aperture, 
1.34,  height,  .95. 

Bellerophon  decussaiiis,  Fleming  ?? 

(Platen,  Fig.  12.) 

Our  figure  represents  the  dorsal  surface  of  the  outer  volution, 

which  is  marked  by  a  combination  of  revolving  and  concentric  stris 

of  nearly  equal  size  and  number,      There  is  also  a  slight  median  fold. 

It  is  not  certain  that  the  identification  can  be  sustained. 

k  Bellerophon  carbonariua,  C""' 

(Plate  II,  Fig.  20.) 
This,  or  a  closely  related  species  is  represented  by  only  a  few  frag- 
ments.     (Cf.  also  B.  stramineus.  ) 

*■  Shell  globose,  broadly  rounded  over  the  dorsum  ;  umbilical  im- 
pressions very  small  or  closed.  Aperture  transversely  sublunale,  much 
wider  than  high,  and  strongly  arched,  but  not  expanding  more  rapidly 
than  the  uniform  increase  of  the  size  of  the  volutions;  inner  lip  nearly 
LOting  or  little  developed  ;  outer  lip  moderately  thick  near  the  unibil- 
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icus  on  either  side,  but  thinner  between ;  sinus  shallow  and  rounds- 
its  band  obscure  or  scarcely  visible  on  the  costated  part  of  the  oV>w 
whorl,  sometimes  a  liltle  concave,  or  with  traces,  on  each  side,  ***  * 
faintly  marked  ridge  on  the  smooth  part  of  the  outer  volution ;  suH"^**' 
except  on  the  terminal  half  or  third  of  the  body  whorl.  omame»=>  •** 
with  about  18-2^  simple,  rather  distinct,  revolving  raised  lines."  1"'''' 
species  is  widely  distributed. 


I  Bcllerophon  rnarcouianus,  Geiniu 

(Plate  V,  Fig.  7 

Several  fragments  are  sufficient  to  te  this  species,  but    .^^ 

nothing  to  the  meagre  description  given  uy  ieinitz  and  Meek.     "^^ 

shell  is  marked  only  by  fine,  close,  u  r  alternating,  revoltr"  ■     " 

lines  and  has  an  aperture  like  B.  niom.  js,  which  it  approach* 
in  size. 


Bellerophon  i^f.  crassttS,   Meel    md  Worlhcn.) 
(Plate  V,  Fig.  6.) 
This  Bellerophon  is  derived  from  the  fl      y  limestone  at  the  su« 
mit  of  Flint  Ridge,  and  hence  its  horizon  is    00  feet  higher  than  tl 
shells  just  described.     Though  much   smaller  than  B.  crassus,  it 
much  the  form  of  that  species,  yet  the  shell  appears  not  to  have 
thick,     The  umbilical  expansions  of  the  lip  are  broken,  but  may 
partly  covered  the  cavity.     The  markings  are  nearly  obliterated, 
there  are  indications  of  a  mesial  ridge  on  the  dorsum.      The  greate: 
diameter  is  over  one  inch. 


PohjpheinopsU  inornata,   Meek  md  Worthen  ? 
(Platell,  Fig.  15.) 
Even  the  generic  reference  of  this  specimen  must  remain  doubt- 
ful, as  it  is  so  largely  imbedded  in  the  rock.     If  a  Polyphemopsis,  \C 
resembles  P.  inornata  as  nearly  as  any  American  species  encountered. 
P.  melanoides  from  Newtonville  would  appear  to  be  too  slender.      Our 
specimen  is  larger  than  the  type  of  P.  inornata. 
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Macrocheilus  sp^ 
(Plate  II,  Fig.  i6.) 

A  single  specimen,  pretty  well  preserved,  but  unfortunately  not 
displaying  the  characters  of  the  columella,  seems  to  indicate  a  species 
of  Macrocheilus,  about  the  size  and  form  of  M.  medialis,  Meek  and 
Worthen.  The  aperture  is  narrower,  however,  and  the  form  of  its 
lower  angle  is  different.  It  is  also  but  little  larger  than  M,  subcorpu- 
Untus  of  Whitfield,  but  until  figures  of  the  latter  appear  it  will  be  im- 
possit>le  to  compare  them. 

Macrocheilus  sp  f 
(Plate  II,  Fig.  2.) 

A  second  species  is  recognized  from  a  badly  flattened  specimen, 
^*iioH  is  perfect  enough,  however,  to  show  that  the  species  is  very  like 
•^  ^^anus,  though  in  its  present  condition  it  seems  much  more  robust. 
In  size  and  number  of  volutions  it  agrees  very  fully. 

Pleurotomaria  spf 

Figures  11  and  13  of  Plate  II,  indicate  a  species  of  this  genus 
^itH  rather  high  conical  spire  and  revolving  as  well  as  obliquely  decus- 
S3.ting  striae.     I  am  not  able  to  suggest  its  specific  affinities. 

Pleurotomaria  newportensis,  White  (?) 
(Plate  II,  Fig.  18.) 

Volutions  about  five,  regularly  rounded,  very  convex,  and  rap- 
idly diminishing  in  size ;  spire  short ;  lower  whorl  marked  by  a  spiral 
^3.nci    originating  at  a  notch  in  the  margin  of  the  aperture,  consisting 
0*  an  elevated  striated  ridge;  otherwise  marked  with  numerous  revolv- 
^^ia     lines  of  which  some  are  larger  than  others  and  separated  by  one 
^^    t\vo  of  the  smaller  lines.     It  is  by  no  means  certain  that  our  form 
^^a.lly  this  species.     In  the  first  place,  the  shell  is  flattened  obliquely 
y  pressure,  so  as  to  greatly  distort  the  aperture  and  otherwise  alter  the 
^^^^-     Evidently,  however,  it  was  a  shell  of  similar  form  and  general 
appearance  with  P.  newportensis.     The  stria?  difler  in  being  more  nu- 
^^t"0"us,  though, the  obliteration  of  the  minuter  sort  would  remove  this 
mffierence.     P.  newportensis  is  further  described  :       Aj)erture  sub  cir- 
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tular  in  outline,  its  margin  oblique ;  outer  lip  having  a.  broad  nt 
little  above  the  middle  ;  inner  lip  thfckened.  Our  specimens  in 
a  species  at  least  a  third  smaller  than  White's  Ij-pes.  ^ 


Eibotnphalus  sp  ?  ■ 

(Plate  11,  Figs,  4,  5,  and  Plate  V,  Fig  5.)  I 

A  small  species  is  represented  by  impressions  and  fragme 
the  dorsal  and  umbilical  side.  About  three  whorls  are  preserved, 
nring  .42  in  diameter.  The^  dorsal  or  upper  surface  seems 
marked  by  a  sharp  carina  along  the  outer  margin  and  to  have  be 
namented  with  strong  lines  of  growth.  The  umbilical  surface 
perfectly  preserved,  but  had  a  series  of  sharp  prominences  alor 
inner  margin  and  semi-carinate  ridges  elsewhere.  Since  writii 
above  more  perfect  and  larger  specimens  have  been  foimd.  Th 
cies  is  also  found  in  the  flinty  limestone  at  the  top  of  Flint  I 
The  existence  of  prominences  along  the  inside  of  the  umbilical  wh 
a  constant  character,  and  the  revolving  lines  seem  less  so. 
sharp  external  carina  of  the  opjiosite  or  upper  side  is  also  a  chs 
identical  with  E.  rugosus,  but  this  species  differs  constantly 
presence  of  the  prominences  on  the  umbilical  edge  of  ihe  whor 

Genus  Loxonema. 
(Plate  III,  Fig.  a.) 
A  fine  species  of  this  genus  is  known  from  a  single  crushed 
men  which  is  represented  (partly  restored)  in  our  figure.  The 
is  2.  zo  or  more  in  length,  the  diameter  of  the  largest  whorl 
about.  75.  The  spire  is  elevated  and  has  an  apical  angle  o 
The  number  of  volutions  can  not  be  less  than  ten  (the  termina 
are  absent  in  the  s|jecimen.  )  The  volutions  arc  convex  and  are  n 
by  strouj;.  sutucwhat  olili.|uc  ])lic:itions,  liIiouI  sl'vcu  in  half  an  ii 
the  largest  volution.  The  characters  of  the  lip,  aperture  and  < 
clla  can  not  be  made  out,  though  there  is  some  evidence  of  a  \ 
tion  of  the  lip  downward  at  the  lower  angle  of  the  aperture. 
shell  accords  in  most  points  whirh  can  be  made  out  with  L.  pli< 
Whitfield,  but,  as  there  are  in  the  neighborhood  of  twenty  des 
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<:oaI-measure  species,  many  being  similar, 

finly  with  any  of  them. 
Sntoliuni  aviculatum,  Swallow. 
(Plate  I.  Figs,  t,  a ;  Plate  III,  Fig.  lo.) 

It  is  submitted  that  it  is  impossible  to  rescue  the  Entoliums  of  the 
carboniferous  from  the  inextricable  confusion  into  which  ihey  have 
fallen.  Nevertheless  the  name  E.  aviculatum  doubtless  applies  to  a 
species  of  wide  distribution  in  the  coal-measure  rocks,  however  it  may 
be  related  to  sub-carboniferous  species. 

The  remarks  of  Prof.  Meek,  under  his  description  of  an  Entolium 
from  the  Waverly,  are  instructive  as  showing  the  difficuhy  of  discrimi- 
nating species  in  this  group.  He  also  says  "  Prof.  Winchell's  type 
[of  Pernopecien  shumardianus]  seems  to  agree  exactly,  in  all  constant 
spedfU  characters,  with  Enlolium  aviculatum.  Swallow,  already  mentioned, 
from  the  coal-measures.  So  we  have  here  a  remarkable  case  of  shells 
presenting  extremely  little  or  no  constant  sptcific  difference,  and  yet 
differing  in  a  character  of  the  hinge  that  seems  to  he  of  generic  impor- 
tance." 

Although  Prof  Hall  figures  Pernopecten  shumardianus  from  New- 
ark. O.,  we  have  found  no  such  form,  though  another  and  smaller 
shell  apparently  belonging  to  Pernopecten,  is  rarely  found  in  the  Wa- 
verly. We  thought  for  some  time  that  by  mistake  some  Flint  Ridge 
or  Bald  Hill  specimens  (coal-measures)  had  been  labeled  Waverly,  but 
none  of  our  numerous  specimens  from  the  coal-measure  shales  show 
the  crenulated  hinge  prominences  ascribed  lo  the  species  in  question. 
Mr.  Meek,  however,  supposed  P.  shumardianus  to  be  without  the 
crenulated  hinge  and  others  have  decided  that  Entolium  is  synonymous 
wiih  Pernopecten.  If  that  be  the  case  it  is  difficult  to  see  how  E. 
aviculatum  can  be  distinguished  from  Pernopecten  shum.irdianus. 
The  hinjjc  in  all  spi.-rimviis  tiocn  from  the  roaVme.i^iirM  shows.  insif;id 
of  a  prominence,  an  impressed  Hne  on  the  left  valve,  at  the  point  des- 
ignated in  Penopecten  by  a  crenulated  ridge,  this  appears  on  the  out- 
side of  the  valve  as  a  ridge,  the  shell  being  very  thin.  On  the  ventral 
valve  in  the  same  position  is  a  ridge,  designed,  it  would  seem,  to  fit 
into  the  groove  of  the  other  valve.     The  left  valve,  however,  has  its 


» 


produced  upward  so  that  the  hinge  line  is  straight  and  disiant 
,^m  tlie  groves,  while  on  the  right  valve  the  ridge  is  at  the  u|jpcr 
^margin.  Thus  Prof.  Hall  has  compared  the  hinge  line  of  a  righl  valve 
of  Pernopeclcn  limiformis  with  the  left  valve  of  P.  shumardianus  on 
Plate  I,  of  the  keport  of  the  Stale  Geologist  of  New  York.  The  pro- 
jecting ears  of  the  left  valve  evidently  prevent  the  easy  dis-articiUation 
of  the  valves  in  this  mononiuscular  fonn  perhaps  especially  liable  to 
such  an  accident. 

Shell  very  Ihin,  compressed,  very  ineqi-valve,  height  of  left  valve 
noticeably  greater  than  width;  general  outline  (without  the  ears) 
acutely  oval,  lower  oulline  a  nearly  regular  curve,  extending  posteri- 
orly about  one  third  the  height  of  the  shell,  anteriorly  iwo-lhirds 
the  height,  posterior  margin  thence  proceeding  upward  nearly 
a  straight  but  oblique  line  to  the  angle  of  the  ear.  but  rather 
abruptly  angled  near  the  union  of  the  upper  and  middle  lliirds 
of  the  height,  the  anterior  margin  is  strongly  curved  inward 
at  the  same  point  and  thence  continued  in  a  line  at  about 
th.e  same  angle  as  the  opposite  side  to  the  ears,  which  pro- 
ject slightly  upward  so  that  the  angles  formed  by  the  hinge  line 
■  and  the  lateral  margins  are  about  right  angles;  position  of  the  hinge 
of  the  opposite  valve  indicaied  by  an  impressed  groove  appearing  out- 
wardly as  a  ridge;  ears  set  off  by  distinctly  marked  furrows;  valve 
marked  by  numerous  faint  concentric  lines  and  very  feeble  distant  ra- 
diating strialions. 

Right  valve  as  high  as  wide,  its  lower  margin  evenly  rounded, 
the  curve  continuing  on  both  sides  to  nearly  J-^  the  height,  the  front 
side  more  produced  and  abruptly  curved,  front  ear  longer  but  less  high, 
so  that  the  hinge  line,  which  is  nearly  straight,  seems  oblique  to  the 
long  axis  of  the'  valve. 

Kiitoliiini  aticnuatuni.  sp.  n. 
(Phiel,  Fig.  1,.) 
A  very  sIlmuIit  spt-cies  represented  by  a  single  left  valve  is  derived 
from  the  tliniy  linu^stonc  at  the  top  of  Klinl  Ridge,  and  thus  loo  feet 
higher  than  the  horizon  of  the  above  named.  This  species  was  much 
more  elongated,  and  had  a  very  narrow  hinge.  The  lower  margin  i^ 
uniformly  but  strongly  curved,  while  the  siilc^  are  nearly  straight  and 
inclined   ai  a  very  ac  uH'  angle  to  e:ii  li  other.       The  anterior  margin 
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:  urves  somewhat  abruptly  at  its  upper  third,  the  posterior  margin  is 
traight  The  ears  are  acute  and  depressed,  while  the  beak  is  acute 
md  somewhat  elevated.  There  seem  to  be  indications  of  the  hinge 
idge  or  furrow  peculiar  to  this  genus.  Markings  obscure,  but  appa- 
ently  consisting  of  few  radiating  and  many  faint  concentric  lines, 
ength,  i^  the  greatest  width.  Hinge  somewhat  over  ^,  the  great- 
st  width. 

Genus  Aviculopecten. 

The  literature  at  command  makes  an  attempt  to  study  the  numer- 
us  members  of  this  genus  rather  unprofitable,  but  in  as  much  as  sev- 
ral  have  been  figured  we  may  briefly  allude  to  them. 


Aviculopecten  hertzeri,  Meek 

(Plate  I,  Figs.  5  and  10.) 

Specimens  corresponding  in  size  and  form  to  Meek's  type,  are 
numerous,  and  occasionally  one  encounters  the  same  shell  of  double 
the  usual  size,  but  retaining  the  characteristic  marking.  This  species 
may  be  recognized  by  the  close  thread-like  concentric  and  radiating 
lining  producing  a  peculiar  textile  structure-  This  may  be  seen  from  the 
inside  of  the  shell  also.  In  the  smaller  specimens  seen  the  shell  sculp- 
ture is  somewhat  different.  The  entire  shell  is  covered  by  strong  radi- 
ating costse  in  pairs,  the  costae  being  closely  crowded  but  separated  by 
deeply  impressed  grooves  between  the  pairs.  These  radiating  lines 
are  crossed  by  very  fine  and  numerous  concentric  striations.  The 
pairs  tend  also  to  again  bifurcate  toward  the  lower  margin.  This 
dichotomous  arrangement  of  the  very  strong  radiating  ribs  seems  to 
distinguish  this  form  constantly,  though  it  may  be,  as  at  first  supposed, 
the  younger  variety  of  A.  hertzeri. 

Aviculopecten?  sp? 

(Plate  III,   Fig.    18.) 

The  shell  figured  resembles  A  ?  sublobatus,  Phillips,  but  is  still 
more  elongate.  It  may  be  that  the  shell  has  suffered  some  distortion, 
though  there  little  indication  of  it,  and  until  other  specimens  are  seen 
it   will  not  do  to  rely  too  much  on  the  figure.      The  left  (?)  valve  fig- 
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ured  IS  elongate,  almost  lingulironn :  beak  acute,  prominent;  hinge  H*^' 
less  than  yj  the  height  of  the  valve,  which  is  strongly  convex  near  tf" 
median  line  and  ornamented  with  fine  radiating  and  concentric  stri^^* 


P.'Ivieuloper.ten  coxnnua.  M-  ""^  w, 
{Plate  I,  Figs.  4  and  17.) 
This  little  shell  is  not  uncommon  at  Flint  Ridge  and  Bald  Hill. 
Knd  curiously  enough  is  generally  preserved  so  as  10  expose  the  inie- 
riors,  this  fact  led  to  some  confusion,  as  the  shell  is  so  ihin  that  the 
markings  involves  the  whole  shell  and  the  inside  is  therefore  a  nega- 
tive copy  of  the  outer  surface.  Our  largest  specimen  is  of  the  sire  (if 
ibe  sfKcimen  figured  by  Meek,  but  presents  the  inner  surface.  This 
species  may  be  recognized  by  the  slight  obliquity  (more  than  indicated 
by  Meek )  and  alternating  siriiE.  The  striic  seem  to  be  uniformly  more 
prominent  than  in  the  type,  the  slriie  are  also  square  in  section.  The 
posterior  ear  is  acute  with  its  posterior  outline  concave,  less  distinctly 
separated  from  the  valve  than  the  anterior  ear,  which  is  less  acute- 
Length,  .50;  width,  .49;  hinge  line,  .40.  About  14  primary  striae  on 
the  body  of  a  valve  of  this  si/e  with  alternating  minute  ones. 

.Juiculopecten  scalaris,  sp.  n.  f 
(Plate  1,  Fig.  8) 
We  have  been  tempted  to  regard  this  as  a  form  of  A.  occidentalis, 
but  there  is  a  marked  dissimilarity  in  the  markings.  The  shell  is 
equivalve,  the  valves  nearly  alike;  somewhat  longer  than  wide;  hinge 
line  shorter  than  greatest  width  ;  lower  margin  a  uniform  curve  ;  front 
margin  strongly  curved,  anterior  ear  separated  from  the  body  of  the 
shell  by  a  sharp  depression  ;  [Wsterior  ear  larger,  more  excavated  on 
its  lateral  margin  and  less  distirctly  marked  off  from  the  valve  The 
valves  are  marked  by  fascicles  of  triangular,  prominent  striK  or  ridges, 
which  increase  by  bifurcation,  usually  with  a  feeble  preference  for 
dichotomy;  these  ridges  crossed  by  sharply  marked  concentric  angu- 
lar depressions  causing  a  resemblance  to  the  treads  of  a  stairway  ;  also 
concentric  lines  most  prominent  upon  the  ears.  The  coarser  wrinkles 
might  have  been  thought  accidental,  but  for  the  constancy  with  which 
they  appear.       .After  making  the  corrections  indicated  by  Meek  (Geo- 


logic^al  Surv.  Neb.,  p.  193)  in  the  figure  of  GeiniU,  the  dissimilarity 
in  tftOTm  is  very  slight  and  il  is  suspected  a  wider  comparison  would 
prov^^  ihese  shells  identical. 


Avieulopeeten.  sorer,  sp.  n.  ? 

(Plate  r,  Fig.  7.  and  Plate  III,  Fig.  t6.) 
"We  have  a  number  of  specimens  of  a  fine  species  remarkable  for 
llie  Ixauty  of  the  surface  markings,  but  all  too  imperfect  to  very  satis- 
faotOTily  characterize.  The  form,  exclusive  of  the  ears,  is  sub  trian- 
giila.1-,  both  anterior  and  posterior  margins  being  i.oncave  or  nearly 
straight.  The  greatest  breadth  is  below  the  middle  and  the  lower 
"^^-•"^in  is  a  uniform,  rather  shallow  curve.  The  ears  are  large  and 
suV>_^-qual_  the  anterior  are  (?)  most  acute.  Shell  ornamented  with 
P*"c>iar»inent  distant  ribs  separated  by  three  or  more  smaller  ones,  all  be- 
*'^S  nodose  in  the  path  of  concentric  markings  or,  rather,  the  nodose 
*^"^«"acier  produces  the  effect  of  concentric  lines  crossing  the  striae. 
"Is  shell  resembles  A.  scalaris  in  general  configuration  very  closely, 
"^'^^"^  closely  than  indicated  by  the  description,  but  it  seems  to  vary 
E'"^a-tly  The  nodose  character  is  also  variable.  No  jierfect  sfiedmen 
^^^^  been  found,  but  many  fragments  indicate  a  species  about  the  size 
^'^^^  form  of  A.  scalaris.  with  rounded  distant  striie,  separated  by 
*^*'*^'^*'ded  liner  ones.  The  ears  are  broken  in  all  the  specimens  seen, 
*^t  we  presume  the  valve,  Fig.  16,  Plate  III,  is  opposite  to  that  of 
■^■-     Scalaris  Fig.   8,   Plate  I,  and   so   there  is  a  slight   difference  in 


^outi 


ape. 


..IvictUopecten  sp'i 
(Plate  I,  Fig.  6.) 


A  little  shell  similar  in  outline  to  A,  (Crenipecten)  leon,  Hall,  is; 

•■vn  from  the  single  valve  figured.       It  is  peculiar  in  the  relatively 

^^■~y  short  hinge  and  restricted  ears,  as  well  as  in  the  ornamentation 

^^i*:!!   consents  of  sharply  defined,   though  small,  ribs  arranged  in 

"tVjjt  distant  pairs.      The  specimen  is  a  left  valve  and  rather  oblique. 

^  general  outline  is  acutely  ovoid,  the  beak  being  nearly  central  and 

(laite  prominent.     The  posterior  ear  is  very  small  and  acute,  ■ 

^•"    larger,  with  a  more  concave  outline. 


Creniptetrn  FoerslU,  sp.  n. 
(Plate  lit.  Ff«.  9,  91L] 

'I'be  ftpccic^  fijiured  is.  next  10  Eotolinn  Avicubiun.  the  oM 
t.umman  tiivaUc  u  Flint  Rkl)tr,  and  liDdh  iu  counitrrpan  tn  5Mn.-bk^ 
■cria  (?)  icnuiltnLMU,  M.  »ad  W,  Indvui.  it  m  cot  tin[iroliablr  ikal 
ibr  two  ue  itlenlioil,  in  aptie  of  nuritnl  potnu  o(  diirrgcno. 
(t  Willi  111  Ik  im  (K)«*ible  to  recunrilc  the  iktcnpiMn  ai  tiat 
•pvcin  with  u'Jr  (]ifriinen«,  whilr  Mcrrk's  ilrawing*  an;  rt[iullf 
diSicrcnt.  The  reference  In  Strcblopteria  is  rrrtainiy  cfioneinn 
although  it  it  lair  Ui  add  iKii  Meek  and  Wurihcn  hid  IM 
KCD  the  hinite.  The  fKattt  Creni|te<:ten,  a>  defined  by  Hall, 
include*  a  diveruiy  nf  form*  ran^in^  frami  %w.h  wymtmctl,  tna|- 
hifiyed  specie*  «,  C  Wm[:ScUi  to  thiw  ulOiqitc  ipecies  repracM- 
ed  bjr  C.  ainpluf  and  our  own,  A  kioglc  •pc<rinKn  { Fl|[.  9  a. )  Itmb 
Mr.  Foeroie**  collection,  gave  evidence  of  the  uenubied  hinifr  area, 
from  the  i  npm«ion,  il»c  «bc4l  having  been  eifotUted.  The  cbanuicn 
■t  SrebVopterifl  are  a*  folluw* . 

'  Shell  ovate  or  rounded,  o1iliiit>cly  ritendrd  lawanb  ihc  anicrwi 
piMterior  winn  Itroad,  undefined,  nearly  rvctangalar,  rviradng 

[y  •■  far  ai  the  [loneTiur  margin  of  die  ihdl ;  antcntv  rar  inul, 
'deei-tv  drfiiTcd  ,  MPff;i..-  .in-.o;h  ..r  r..)i..t.-lv  ri-Igrd  ;   -mr  Ur-r.  (*intU 

iddle;  on.-    -h.TI. 

iiarroA  ir«nh  slightly  diverning  frriiii  tht  hinfjc  on  the  jhwIitii -r  -.kIc  i.f 
the  ln-iks;  Iip>amcni  confincil  to  a  narrow,  simple  faret  on  the  hir^ir 
marKiri." 

Ill  Lum|iirii)K  our  sjx.'i'iii)ens  with  the  I'lgurr  of  S.  reniiil.nij!u> 
vc  linil,  aside  fium  its  gre.iter  av<.-ra|(c  !>i^c  an<l  ilitTerent  m.irLiiit^i.  ih.it 
ihc  anieriiir  mirjiiti  is  more  iiriKliiieit.  an<l  ihe  anterior  car  is  mu.h 
mure  slurply  defmed.  Tiiere  is  little  iltiiili:  ili  ii  ihc  l*<>  r<<rins  jn  it 
least  lunKcnen.. 

Shell   Mow   the  cm   smI«  ,r.  ul.ir.  Ul   in  «lcratel>    ...n»<  x.  i  .ui 
Ki^'u  vaUe  wiih  liiL-  .inltri.ir  ear  |.r.>.liKed.  ruundcl  in  U-M. 


led    tfum  the  v.ilve    liy  S  deeply    ini|ifessc<t.    1 
li'i.ierior  e.ir   ne.irly  leiianniil.ir.  slij^htly 


r;  hint;c  line 
oriu.  I.iit  the 
:    height.  jliK 
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prominent.  Surface  marked  by  numerous  close,  minute,  concentric 
lines,  and  numerous  irregular,  concentric  wrinkles  which  give  a  pecu- 
liar appearance  to  the  shell,  not  shared  by  other  species.  These 
-wrinkles  are  less  marked  on  young  shells.  There  are  also,  in  most 
cases,  indications  of  radiating  lines,  which  in  the  larger  shells  are 
strong  striai  or  ribs,  at  a  distance  from  each  other.  Length  of  mature 
specimen  .70,  width,  a|trifle  less,  hinge  of  right  valve,  .34.  A  very 
similar,  or  probably  identical  form,  occurs  in  the  Waverly,  which  may 
prove  to  bear  a  name  ranking  the  one  now  proposed: 

Genus  Lima. 

Lima  retifera,  Shumanl. 

(Plate  IV,  Fig.  2S ;  Plate  V,  Fig.  3.) " 

Shell  obliquely  subovate;  posterior  side  short;  anterior  side  ob- 
liquely produced ;  cardinal  border  rather  short ;  lower  margin  a  nearly 
uniform  curve;  anterior  margin  nearly  ecjual,  anterior  one  obtuse  in 
outline,  posterior  ear  rectangular;  surface  of  valves  marked  by  strong 
angular  radiating  costai  and  concentric  striae.  Height  .t^o;  length  .70. 
Our  specimens  were,  for  the  most  part,  very  small,  but  otherwise 
sgree  with  the  description  of  this  species,  which  is  widely  though  not 
abundantly  distributed. 

Roemer,  in  his  paper  entitled  "  Ueber  eine  marine  conchylien- 
Fauna  im  Steinkohlengebirge  Oberschlcsiens,"  figures  a  little  shell, 
Tery  much  like  this,  but  somewhat  less  ohlitjue.  He  ideiuifics  it  with 
Si  query,  with  Pecten  interstitialis,  Phillips. 

Genus   Solenomva,    Lam? 

The  generic  reference  is  here  very  doubtful.  Two  of  the  forms 
axt  evidently  closely  allied,  while  the  other  might  probably  be  more 
properly  referred  elsewhere,  if  we  knew  anything  of  its  hinge. 

i.    SoleFiomya  d^)  anodoiifoides.   Meek. 
(Plate  IV,  Fig.  10.) 

This  form  agrees  with  Meek's  description  and  figures,  except  that 
the  anterior  margin  is  much  less  acute,  that  portion  of  the  shell  not 
extending  into  a  heel-like  prolongation    below,  as   rej)iesenied    in   his 


erLLETiN  or  the  laboratories 

figure.  The  anterior  margin  is  suttruncate  in  some  specimens,  and  (he 
lower  margin  is  nearly  straight  and  parallel  with  the  axis  of  the  shtU; 
the  posterior  margin  is  evenly  curved,  the  greatest  convexity  being  in 
the  middle  of  the  height  of  the  shell.  The  largest  specimen  measuta 
i.zo  in  length  and  .75  in  width,  the  smallest,  i.ia  by  .66. 

The  surface  in  each  was  covered  by  rather  strong,  variable,  «in- 
centric  lines.  The  middle  of  the  valve  is  nearly  uniformly  eonvei, 
sometimes  with  a  shallow  depression  extending  from  near  the  beak  to 
the  lower  margin;  shell  slightly  gaping  behind. 

2.  Solenomya  (?)  meelciana,  ep.  n  • 
(Plate  IV.  Fig.  9) 
This  is  a  much  more  elongated  species  or  variety,  otherwise  almost 
identical,  though  the  specimens  observed  were  all  smaller.  Nearly 
quadrate,  elongate,  more  than  twice  as  long  as  wide ;  sides  panlW, 
straight;  posterior  outline  gently  curved;  anterior  oudine  somewhH 
truncate,  not  produced ;  convexity  somewhat  greatest  near  the  beak, 
but  entire  valve  nearly  equally  convex,  sloping  gently  and  almost 
equally  to  the  entire  margin.  Length,  1.05,  width,  .50.  Surlacc 
marked  as  in  the  previous  variety.  Although  Meek  (Geol  .Surv.  Neb. 
p.  233  :  Plate  IV,  Fig.  7,)  refers  to  Edmondia  a  species  almost  cer- 
tainly identical  with  ours,  as  E.  reflcxa,  comparison  with  the  typical 
form,  shows  that  it  is  far  from  probable  that  the  specific  reference  (if  the 
generic)  could  be  sustained.  It  may  be  better  to  apply  a  new  name, 
as  suggested,  and  await  farther  evidence  as  to  the  relation  to  S.  ano- 
dontoides. 


Solenomya  siihradtrtta,  sp  n- 
(Plate  III,  Fig.  8.) 
This  species  somewhat  resembles  S.  radiata,  M.  and  W.,  but  is 
much  more  elongated  and  expanded  posteriorly.  The  shell  is  very 
thin  and  is  somewhat  compressed  in  the  only  specimens  seen.  Very 
narrowly  oval  and  slightly  convex  ;  posterior  dorsal  line  straight ;  pos- 
terior margin  a  regular  curve;  lower  margin  a  uniform  slight  curve; 
umbo  4-5  the  length  from  the  posterior  extremity,  anterio-dorsal  line 
convex,  inclined  abruptly  from  beak  ;  anterior  part  of  shell  produced 
below  in  a  strong  "heel."     Surface  with  very  obscure  concentric  lines 


f  DENI50N    UNIVERSl 


Ind  still 
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obvioi 
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faint  equidistant  radiating  lines.     These  latter  are  not 
and   could    easily    be    overlooked.       Length    i.io, 


:ing  striae  or  impressed  lines  do  not  spring  from  the 
to  terminate  in  the  posterior  hinge  line ;  they  are  only 


1  the  poslerior  third  of  the  shell. 

Genus  macrodon,  Lycett. 

1.    Macrodoth  obsoletus.  Meek. 

(Plate  IV,  Fig.  19.) 


Shell  elongate  sub-quadrate  or  sub-rhombic,  moderately  convex, 
greatest  convexity  forming  a  gentle  prominence  extending  from  the 
umbo  to  the  lower  posterior  margin.  Ujiper  posterior  portion  nearly 
plane,  inclining  gently  to  the  obliquely  truncated  poslerior  margin ; 
this  part  of  shell  only  marked  by  faint  radiating  striie.  Hinge  line 
sttaight,  parallel  to  it  two  or  three  impressed  lines  separating  the  teeth, 
these  showing  in  the  partially  denuded  shell  figured.  Beaks  removed 
hut  a  short  distance  from  the  front  margin.  Anterior  margin  gently 
•curved,  meeting  the  hinge  line  by  an  abrupt  right  angle.  Lower  mar- 
gin nearly  straight  or  slightly  convex.  Entire  surface  marked  by  few 
concentric  lines  of  growth. 


3  Macrodon  teriuistriata,  M.  and  w. 
"Shell  small,  rhombic-oblong,  rather  distinctly  convex  along  the 
ombonal  slopes  and  near  the  front,  a  little  more  than  twice  as  long  as 
""gh;  basal  and  cardinal  margins  parallel,  the  former  nearly  straight 
"f  somewhat  sinuous  near  the  middle;  cardinal  margin  straight,  not 
imte  equalling  the  greatest  anlero-posterior  diameter;  anterior  side 
Ending  up  from  below  so  as  to  meet  the  hinge  nearly  at  right  angles; 
Posterior  basal  margin  narrowly  rounded ;  posterior  margin  obliquely 
""ncaied,  often  a  little  sinuous  above ;  dorsal  region  behind  the  um- 
wnal  slope  compressed  :  beaks  compressed,  a  little  flattened,  incurved 
*"■!  rising  somewhat  above  the  hinge  margin,  located  about  half  way 
«tween  the  middle  and  front;  fianks  broadly  impressed  or  concave 
"Oni  the  umbonal  region  obliquely  backward  to  the  faintly  sinuous 
P*B  of  the  base ;  surface  ornamented  by  distinct  marks  of  growth 
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-adUtini;  nuukingt,  wcU-tleftned  bdiiiul,  fiinntog  uaawttf 
craw  iKtIvM'eni  luittu" 

uur  ipccimeni  are  tnullcr  thaa  ihooc  docribcd  br  Metk,  ad 
more  convex,  but  oihcrwiK'  (hey  ngnw.  length,  .36,  beifbuii^ 
Ilia  ihdl  i*  almost  identical  in  ouilmc  with  M.  olnolctuK  bui  n  nocb 
more  gibbouL  'llie  poaulMliiy  tlut  it  a  merely  the  youni  of  thj)  ipc- 
cies  cannot  be  dnputcd. 

S.     Mncrminn  enrbfinnrin.  C'o*- 
(Plate  IV.  l-igt.  ti  and  (?)  14.) 

litis  ii  a  very  pretty  and  *oincwhat  common  ipccies.  It  ncnir 
recognued  by  the  nronn  r^duiinit  ribn  which  tat  much  mure  («a» 
ncflt  ID  the  area  marled  off  by  ihc  (louerior  umlnHial  ridge.  Tie  hr- 
gm  ipecimcn  measure*  1.40  long  bj  .615  wlde^nd  U  truncatnl  o^ 
liqiiely  tiehind.     The  Cdnteniric  marking!*  arc  idainly  »ecn. 

Figure   14  nhowt  the  in*ii1r  irf  a   vatre  which.  I?nm  ihi*-  inlinMr 
ain:  and  iimjeriini;  anterior  margin,  rttiild  In-  iilmtiAed  with  M  Nift'  | 
iaoiala.  M .  and  W  ,  ihiKigh,  as  ihc  «l)i:I1  ii  but  a  frvpDeiii,  it  vonld  be     I 
vcniurevjmc. 

(>KNL'S  Phiiihviiik. 
Prothtjri-l-f  rlcganx.  Mcrk.) 
(I'late  IV.  Fig.  3.) 
I'he  s|>ccimen  on  whiih  this  iili-ntirualton  rent!  is  ini|>erfr<i  ind 
the  anterior  it  not  fully  iin-it-rved,  'llii-  drMTi|ili<>n  of  ihr  s^  ■"  ' 
an  Mluws:  '•Shell  <  c.ni|.if^sed,  clunyatc  oblonft.  the  Itnuih  l<inf 
aUiut  ihret- .)nd  a  hilf  liin<'«  the  height:  vcntrnl  and  diir<ul  mir^mt 
itrai^hl  or  a  link- nn  hi-il  .  the  lari-r  with  a  faintly  dcfinnl  m  r;:iui 
furriiw.  twrliiw  K'hii  h  then-  ii  iisii.illv  an  otisriire  riilfti-.  alvi  )ur-.!!cl  t>' 
the  dijrs.ll  mnr^in  ;  [M^ti-rinr  extremity  ()Iilii|ucly  ^ub-iruncate.  iKc  oMd 
Iiritmint-nt  [larl  Iteinj;  hdow  ihc  midilk- ;  t><.-aks  cumi)rc»sc<l,  dci-rc^^. 
not  diMini  t  fnim  thi-  dorsal  margin,  anil  jilared  al>oui  one^i,:hih  i» 
one  ninth  the  knuth  of  the  \alvis  iK-himl  the  anienur  cMrcii-.iH  , 
nnti  h  i>|'  till-  .inliTuir  margin  well  ilt'lineil  and  cktcndin);  aU>i;  •'M 
hall*  *.i\  11],  10  ihe  lit-.ik»;  fiiltti-  fmm  the  inner  angle  of  ihc  r...«h 
n.irr.iH,  it.ii.  «uK  nin^  slif;luli  from  .lUnc  ;  anterior  margin  a!<»c  ihc 


haotch  rounded,  and  having  the  appearance  of  a 
|«Ti3e  nearly  obsolete  on  ihe  upper  half  of  the 
[tinct  on  the  venira!  and  antero- ventral  regions." 


b 


Genus  Allorisma. 
Alhiriama  costata,  M 


(Plate  III,  Fig.  7,  and  Plate  IV,  Fig.  iS.) 
We  have  not  been  able  to  compare  this  fine  species  with  types, 
but  in  spite  of  its  great  dissimilarity,  notably  in  size,  from  specimens 
referred  10  this  species  by  Mr.  Meek,  we  regard  this  as  identical  with 
the  Illinois  species.  The  generic  reference  is  far  less  salisfaatory. 
Indeed,  it  is  suspected  that  an  examination  of  the  hinge  would  prove 
ihis  an  independent  genus. 

Shell  medium  sized,  elongate ;  upper  and  lower  margins  sub-par- 
allel; beak  prominent,  anterior;  anterior  margin  short,  convex  ;  shell 
produced  and  slighlly  attenuated  posteriorly,  posterior  margin  sub- 
tnuicaie;  greatest  depth  of  the  shell  a  little  posterior  to  the  umbo;  sur- 
face marked  with  (ii)  strong,  distant  concentric  costse  extending  from 
the  anterior  margin  to  the  prominent  posterior  umbonal  ridge,  where 
ihey  abrupily  cease.  The  surface  above  the  ridge  being  marked  by 
fine  concentric  lines  and  a  well  marked  ridge  extending  from  the  beak 
toward  the  cetitre  of  the  posterior  margin.  Our  specimens  embrace 
impressions  as  well  as  the  right  valve.  The  space  between  the  costse 
15  geatly  concave  and  smooth  and  there  seems  to  have  been  a  radiating 
lb  upon  the  summit  of  ihe  umbonal  ridge  into  which  the  concentric 
ribs  merge.  There  are  indications  of  an  impressed  line  along  the 
liinge  line  posteriorly.  The  outline  of  the  posterior  margin  seems  in 
we  best  preserved  specimen,  bi-truncate,  in  others  obliquely  truncate 
f  one  straight  line  ;  other  minor  difTerences  are  referred  to  the  condi- 
tions of  preservation.  Length,  1.40;  height,  .50.  Comparisons  were 
^wn  in  our  note  book  with  Orthonota,  10  which  it  may  be  allied. 


AUoHsma  GeiniizU,  Meek.  (?) 
(Plate  IV,  Fig.  J7.) 

This  small  species  resembles,  somewhat,  A.  gilberti.  White,  though 
'y  no  means  so  much  produced  posteriorly.     Shell  very  small, 
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elongate;  not  very  gibbous;  anterior  dorsal  margin  inclined  from  ik 
beak  to  the  anterior  end  of  the  evenly  curved  lower  margin.  »iih 
which  it  united  by  an  acute  angle ;  posterior  dorsal  Rtargin  gently  ^inu' 
ous,  four  times  as  long  as  the  anterior ;  posterior  margin  somcwbii 
obliquely  truncate,  more  prominent  below  :  greatest  height  at  the  umK 
posterior  part  somewhat  narrowed.  Surface  marked  by  irregular  con- 
centric strife  and,  at  least  posteriorly,  by  a  few  indistinct  radiiling 
lines.  Length,  .33,  height,  .17,  It  is  more  probable  that  this  speciK 
is  new,  but  some  hesitation  is  felt  in  separating  it  from  a  minuw  form 
of  nearly  the  same  outline,  in  view  of  the  poverty  of  our  roaierial  id 
the  variability  of  the  species. 


^lloHsnia  siihcuneata,  M.  nml  II. 
(Plate  IV,  Fig.  1.) 
1  am  by  no  means  certain  regarding  the  identification  of  the  \n^- 
ments  which  have  been  referred  to  this  species:     However,  it  i§  if* 
tain  that  a  shell  of  about  the  same  si^e  and  having  the  same  form  atmui 
the  umbo  and  the  same  coarse  markings  is  found  at  Flint  Ridge.    Tht 
species,  moreover,  is  widely  distributed,  occuring  in   Utah  and  Ne* 
Mexico,  as  well  as  Indiana  and  others  of  the  central  stales.      ^'hed^ 
scription  is  as  follows :     Shell  large,  twice  or  more  limes  as  long  is    I 
high,  gibbous  anlcriorly,  compressed  posleriorly,  where  the  valves  ^i\k 
somewhat;  basal  margin  nearly  straight,  curved  rapidly  near  the  ante- 
rior, more  slowly  at  the  posterior  ends;  dorsal  margin  convex  posteri- 
orly, giving  the  posterior  outlines  a  somewhat  spatulate  form;  front 
margin  rather  narrowly  rounded  ;  beaks  projecting  well  beyond  hinge 
line;  surface  marked  by  well  defined  concentric  lines.      Length,  near- 
ly four  inches. 

GE^L■S   CL[NOPI;iTHA. 

C/ino/iis/Jif  radiata,  MM. 
(I'lateUl,  Fig.  u.) 

Our  specimen  was  associated  with  the  forms  elsewhere  referred  to 
Edmondia  aspenwallensis,  and  resembles  theni  very  nearly.  The  out- 
line differs  perceptibly,  however,  and  the  faint  and  very  rugular  con- 
centric strire  are  quite   unlike  the  folds  which  ornament  the  shell  of 
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Edmondia.     No  traces  of  radiating  lines  are  preserved,  but  ihe  con- 
dition is  such  as  lo  explain  their  disappearance. 

Our  specimen  is  rather  )ess  ventricose  than  that  figured  by  White, 
but  is  also  smaller.      Length,  .52,  height,  .^o. 

^^^K  Genus  Pleurophorits,  King. 

^^^H  2.    Plcurophorus  tropidopiwrus,  Meek. 

^^m  (Plate  IV,  Fig.  15.) 

This  pretty  shell  is  not  uncommon  at  Flint  Ridge.     I  am  not  sure 
that  there  are  not  two  closely  related  species  differing  chiefly  in  siie. 


S-  Pleurophorits  subcostatits,  m  and  w.  (?) 
(Plate  IV,  Figs.  i6  and  i6a.) 
We  have  a  number  of  small  specimens  which  vary  so  much 
among  themselves  that  the  variableness  may  account  for  some  discrep- 
ancies between  them  and  the  description  of  Meek  and  Worthen. 
Ours  is  a  smaller  form  and  the  larger  examples  have  the  sinuous  lower 
outline  of  P.  subcostalus.  A  very  much  smaller  and  more  compact 
form  figured  on  the  same  plate,  Fig.  7.  may  be  the  young  of  the 
same  species. 


Genus  Cvpricardina,  Hall. 
Hinge  unknown,  shell  elongate  trapezoidal,  moderately  com- 
pressed, beaks  anterior  or  sub-anterior,  slightly  prominent,  surface 
marked  by  rather  prominent  concentric  plications  or  striae.  (Hinge 
with  well  developed  hinge-plate,  with  one  linear  tooth  in  one  valve 
and  two  in  the  other,  and  other  minute  linear  teeth  shorter  than  the 
others,   SynopUura,  Meek.) 


Cijpi-ic<ir(lin-ii-  '..')  cnrhonnriii.  M^-ek. 

(Plate  IV,  Figs.  17  and  i8.) 

This  shell  was  described  from  the  locality  whence  our  specimen 

came,  so  that  it  may  be  best  simply  to  quote  the  description  given  by 

Meek :      "  Shell  small,  longitudinally  oval,  less  than  twice  as  long  as 

high,  the  widest  (highest)  part  being  under  the  posterior  extremity  of 
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the  hinge;  rather  gibbous,  usually  with  a  broad  impressioD  exte 
from  the  beaks  obliquely  backward  and  downward  to  the  midi 
the  base  of  each  valve ;  anterior  side  extremely  short,  or  nearly 
Icie.  convex,  and  rounded;  posterior  side  broader,  more  comp 
or  cuneate,  with  its  upper  edge  siraighl  and  sloping  obliquely 
ward  to  the  regularly  rounded  posterior  margin ;  base  broadi 
slightly  sinuous  in  the  middle,  and  rounding  upward  at  the  exlret 
hinge  line  straight,  between  one-half  and  two-thirds  as  long  i 
valves,  ranging  at  an  angle  of  about  25  deg.  with  the  oblii]ue,  I 
axis  of  the  shell,  so  as  lo  meet  the  sloping  upper  edge  of  the  po: 
margin  at  a  very  obtuse  but  moderately  well-defined  angle,  ih 
parting  to  the  somewhat  compressed  posterior  dorsal  region  a 
faintly  alate  appearance  ;  beaks  extremely  oblique,  depressed  1 
to  the  dorsal  margin,  very  nearly  terminal,  and  scarcely  projecli. 
yond  the  rounded  outline  of  the  anterior  extremity.  Surface 
mented  by  fifteen  to  twenty  exceedingly  regular,  well-defined,  s; 
bricating,  flattened  ridges  or  undulations,  that  gradually  become 
er  and  more  closely  approximating  on  the  umbones.  Length  ol 
est  specimen  seen  0.55;  height  at  the  posterior  extremi 
hinges  .32." 

The  specimen  figured  is  but  0.45  long,  but  agrees  well  wii 
description,  it  being  a  partial  cast,  showing  hinge  teeth  disiinctlj 


Gervillia  f?)  ohioense,  sp.  n. 

(Plate  IV,  Fig.  13,  and  Plate  III,  Fig.  12.) 

(Cf.  Avicula  longa.  Meek. 

Two  specimens  have  been  secured  from  Flint  Ridge,  both 
what  iinperfect,  but  indicating  a  species  quite  different  from  M 
teria  gibbosa.  The  whole  question  of  the  generic  affinity  of  tht 
boniferous  species  referred  to  GerviUin,  Monopterii,  Blakevellia. 
is  very  obscure. 

The  upper  oudine  is  nearly  straight ;  beak  distant  nearly  ont 
the  length  from  the  anterior  margin;  posterior  wing  greatly  prod 
posterior  margin  deeply  sinuous;  posterior,  produced  part  o( 
keeled;  anterior  wing  acute,  its  margin  very  oblique  and  slightly  c 
to  its  junction  with  the  lower  margin,  with  which  it  forms  a  conti 
symmetrical  curve.     Hinge  line,  .65,  height,  .45,  greatest  length 
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The  surface  is  marked  by  rather  obvious  concentric  lines.  The  pos- 
tero-inferior  projection  is  greater  than  that  of  the  hinge  line.  Fig.  13 
or  Folate  IV,  represents  a  s|)ecimen  in  which  part  of  the  posterior  out- 
line is  obscure,  while  that  figured  on  Plate  III,  Fig.  12,  had  its  ante- 
ro-inferior  outline  crushed  in.  By  combining  the  figures  a  fair  idea 
of  tHe  shell  can  be  obtained  The  specimen  figured  on  Plate  IV, 
is  niLich  flattened  and  somewh  it  distorted,  it  should  be  restored  by 
producing  the  upper,  posterior  angle  and  the  lower,  posterior  lobe. 
From  A.  lon^i^a,  which  it  most  resembles,  it  differs  in  being  not  only 
larger,  but  less  produced  posteriorly,  the  posterior  sinus  is  much  less 
and  the  anterior  part  of  the  shell  does  not  appear  to  have  the  oblique 
sulc^us  described  for  that  species.  (We  have,  since  writing  the  above, 
foiiri<l  ihe  long  posterior  tooth  characteristic  of  Avicula.) 


Myalina  {cf,  recurvirostris,  M.  and  w.; 

(Plate  V,  Fig.  4. ) 

A  single  fragment  indicates  a  species  of  nearly  the  size  of  the  spe- 
cies quoted.  It  is  not  sufficient,  however,  to  furnish  the  basis  for  ac- 
^^*"3.te  identification.  The  outline  probably  is  not  correctly  restored 
^ri  c>ur  drawing,  but  the  shell  was  flattened,  causing  uncertainty  as  to 
^"^  natural  course  of  the  striae.  The  surface  is  marked  by  very  coarse 
t>ut    regular  and  distant  furrows,  as  well  as  the  finer  concentric  lines. 


Myalina  sp? 
(Plate  IV,  Fig.  20.) 

Only  a  small  fragment  was  found  to  indicate  a  species  like  M. 
liniformis,  M.  and  W.     It  belongs  to  the  group  of  M.  subquadrata,. 


M 


*-       sublamellosa,   Eldridge,   M.    perattenuata,   Meek,   M.    Flemingii,. 
*^^^g,  etc.,  but  is  a  very  small   species,  with  acute  beaks  and  stroner 


Myalina  {?)  swallori,  McChesney. 
(Plate  IV,  Fig.  6  ) 

This  familiar  and  widely  distributed  species  is  common  here  also. 
^  *^e  general  aspect  is  unlike  most  sj)ecics  of  Myalina,  hut  more  lite 


I 
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Modiola.       The  surface  is  marked  by  few  indistinct  concentric 

Genus  Avicuix)pinna,  Meek. 

"  Very  elongated  subtrigonal,  equi-valve,  with  slightly  ind 
sub-terminal  beaks,  the  shell  being  produced  in  from  of  them.  \ 
posteriorly;  hioge  line  very  long,  edentulous." 

1.  Aviciilopinnn  ajnericana.  Meek. 
(Plate  I,  Fig.  20.) 
Our  fragmentary  specimen  is  insufficient  to  warrant  adescr; 
l)ui  is  obviousiy  a  member  of  the  old  genus  Pinna.  In  sht  and 
tainable  characters  it  seems  to  correspond  with  the  species  t 
above.  We  are  unable  lo  discover  that  the  beaks  are  not  anlerii 
this  may  be  due  to  the  imjierfeci  condition  of  the  Fossil.  The  c 
ler  of  the  ligament  grooves  is  well  shown  in  this  specimen.  Th 
tangible  distinction  between  Pinna  and  Aviculopinna  being  the 
tion  of  [he  umbo,  the  generic  reference  is  but  provisional.         ■ 

Sol-en?  sp?  ^ 

(Plate  I.   Fig.  19.) 

We  have  figured  a  fragment  which  seems  to  indicate  a  Raso 

about  as  completed  in  outline  in  (he  drawing.      The  piece  is  too 

to  characterize,  but  attention  is  called  to  it  to  stimulate  collect 

examine  the  rocks  for  more  complete  specimens. 

Ednionilia  {cf.  aspinwalletisia.  Meek ) 
(Plate  IV,  Fig.  4.;  Plate  IH,  Fig.  17.) 

We  have  a  considerable  number  of  specimens  of  various 
but  all  of  the  larger  individuals  are  imperfect,  while  the  smalle 
differ  considerably  from  the  species  quoted.  The  shell  is  coverei 
strong  concentric  folds  and  very  numerous  striations.  The  po 
margin  is  broadly  and  evenly  rounded  (sub-truncate  in  the  larger 
the  beaks  are  not  prominent ;  the  lower  outline  is  a  regular  t 
the  anterior  margin  seems  much  shorter  than  in  types  of  E.  aspi 
«nsis ;  the  convexity  is  greatest  in  front  and  above  the  middl 
there  is  sometimes  a  posterior  umbonal  ridge,  nearly  reaching  th 
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gin.     Hinge  and  beaks  not  clearly  seen.      Length  of  small  specimen, 
-55,  height,  .50 ;  larger  specimen,  .85  by  .70. 


Genus  Astartella. 

Astartella  Jfewherryi,  Me  k. 

(Plate  IV,  Fig.  33.) 

This  species  is  very  abundant  and  varies  in  size  greatly,  but  ad- 
heres strictly  to  the  same  type. 

Astartella  vera.  Hall.  (??) 

A  species  about  the  same  size  as  the  last  is  less  abundant,  it  seems 
to  correspond  with  the  form  figured  in  the  second  vol.  of  Ohio  Paleon- 
tology, Plate  XIX,  Fig.  i.  It  differs  in  outline  from  the  latter,  but 
the  shell  figured  was  evidently  broken,  as  shown  by  the  direction  of 
the  concentric  ribs,  the  posterior  wing  being  broader  than  represented. 
It  differs  from  A.  Newberryi,  chiefly  in  the  somewhat  coarser  striae. 

Astartella  varica,  McChesney. 
(Plate  IV,  Fig.  31.) 

This  species  is  not  very  well  represented  in  our  collections.  It 
attains  as  great  or  greater  size  than  A.  Newberryi,  but  is  more  flattened, 
^ith  only  a  slight  posterior  umbonal  ridge,  but  the  specimen  figured  in 
^l^e  Ohio  Paleontology,  was  evidently  badly  flattened,  as  the  umbonal 
'^idge  is  much  more  distinct  than  there  represented.  Several  of  our 
specimens  were  in  the  same  state  of  preservation. 

Genus  Microdon,  Conrad. 

The  reader  is  referred  to  the  discussion  of  this  genus,  in  the  13th 
Annual  of  the  Indiana  State  Geologist.  It  seems  very  probable  that 
our  specimens  are  generically  if  not  specifically  identical  with  the  little 
shells  found  in  the  Spergen  Hill,  Indiana,  limestones. 
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Microdon  <ef.  subelllpiiea.  Hall ) 
(Plate  IV,  Fig.  3».) 

Both  valves  are  preserved  and  are  nearly  alike.  Shell  very  small. 
iK>mewhat  trapezoidal,  obliquely  truncate  behind,  height  nvrr  fiiur* 
fifths  the  length,  gently  and  evenly  convex  ;  dorsal  margin.  I>ehiml  ihc 
beaks  nearly  straight,  the  gently  concave  cardinal  margin  f(innin| 
nearly  a  right  angle  with  it ;  lower  margin  a  uniform  curve.  Ptistrnor 
umbonal  region  evenly  convex,  but  with  evident  ridge.  The  surfjrt 
of  the  shell  is  marked  by  fine  yet  distinct  concentric  lines,  there  linn| 
about  21  upon  a  shell  .ao  high.  Although  the  hinge  has  n(H  tictn 
seen  it  seems  reasonably  sure  that  the  generic  reference  is  nmtd. 
making  the  first  instance  we  remember  of  its  occurrence  in  thr  toil- 
measures. 

(fENUS  Nt'CULANA. 

yuculana  bellUtHata,  Stnreiit. 
(Plate  IV,  Fig.   36.) 

This  very  pretty  shell  is  abundant.  Our  spec'imens  .irr  niuih 
«im.i1kT  than  the  tyjitrs.  Thf\' resemble  in  form  an^l  m.irkmj*  •**<■ 
Kiin>|K"in  l.i'd.i  attcnii.tt.t.  yrt  |>roti.iMv  are  •  f»rrr«  ?1\  hlrr>!  :  •  ■•  * 
thr  Wf-^t  \"ir;:inia  s|n*«  irs.      VUv  s|k'«  it'N  im<  ufn  .iIm*  in  In-l-  ;t. 

(Ji  M  '^  Si  ni/«it»t  V.    Kin^ 

Nhrll  ini;o!Ml,  r<iiin<l(*  I  .inirrinrlv.  .iit(*niiaii-(!  iK-hirnl .   x  \:' 

sini*  »lh.  with  an  ii!i-*i  nrr  ••I»li«|  i'*  rnl-.:'*;   Ii.:atnent  exlcrnil  ,    \:  •  ^-  '    " 
2   \,  ralhrr  stn  »li ;   .inirri«»r  a<l  1  !•  l^r  nIi^UiIv   im|irrNNt-«i.  tvu  •*  ■      " 
tlif-  hin^:-.  v^iih  a  |i'/(lil  m  ir  *  Ui>r  to  it  .   |ialhal  linr  sitnj'ir 

Ihr  r!*trrrn«  r  «»l  ^\trt  \v>  t«i  tills  ;;fniis  u|»iin  thr  i-v  •!<•:•.■  ■  '  ' 
t«*rn.il  l-'Mii  .i!<in«'.  «  lU  «inl\  In-  |iriiv  i'»n»!».il  IhiTe  .irr  ..mt  :*  "• 
sjM-  Hx  it*   t«»-Htl  toriiix  attrilmtril  I**  \\\\^  ,ivnn^. 

•s;v  ^;.,  I  ..-x  f'ruii  \\\r  *  ■•al-iiii"  i>irrx  ni"  this   *  oMnir\    iri    i!i »  •    • 
w  •■.!•■   !*•.•!'    -■■i-n  t.i  ill-  .11    Ir  iNt  fii'ir   ti»rm"*    aini»n^  llj«'    *;■     .•;-   ■  . 
r:-...!    !r-.iu  !''m    ^'.  il'-^  .^!  I  !.ttt   KiL'*         Ir  >  irri|iirnll\  •: 'T.' 
».  »M  ■■.    ,\  ■.    •  ■,  ,•.  rii'i-*  .tr»    il  ;•■  !■•  ili-ri  •!*  'i:!.  f"*!!!**  i.il'\     •;  •*    ■     '  • 
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American  species  are  S.  c 
ciden  talis,  and  curt  us. 


1.    Schizoilus  a0nis.  sp  (?)  n, 
(Plate  IV,   Figs,    za  and  22a.) 

This  species  is  represented  l»y  nearly  perfect  casts  of  Loth  valves, 
which  are  similar  in  form  though  various  in  size.  The  description  will 
refer  to  the  specimens  rather  than  the  species  they  represent.  Right 
valve  ovate,  sub-trigonal,  greatest  convexity  being  about  one-lhird  from 
beak  md  one-third  in  length  ;  anterior  margin  broadly  curved,  its 
curve  varying  little  from  an  arc  of  a  circle,  a  little  truncated  above  ; 
lower  margin  much  less  curved  to  the  sharp  angle  at  its  posterior  ex- 
treniily,  which  is  produced  as  the  termination  of  a  prominence  begin- 
ning at  the  umbo  as  a  sharp  ridge  extending  as  a  low  fold  to  the  mar- 
gin ;  posterior  margin  slightly  convex,  inclined  forward  entering  the 
upper  margin  by  a  gentle  curve.  The  beak  is  distant  one-third  the 
greatest  length  from  the  anterior  margin  and  is  but  moderately  convex. 
Surface  apparently  with  fine  concentric  lines  and  deeper  lines  of 
RTOwth.  Length,  1.20,  width,  1.03:  convexity  apparently  not 
^     over  0.50. 

'  Schizoduscuneatus,  Meek,  differs  most  notably  in  the  position  of 

I     the  beaks,  which  are  located  only  one-quarter  from  the  anterior  mar- 
gin,  and  as  a  result,  the  posterior  part  of  the  hinge  line  is 
sndtheanterior  broad  margin  as  seen  in  our  shell  is  absent. 
^^en  as  figured  is  possibly  somewhat  flattened. 


Schizofliis  mib-circiUarlii 
(Plate  IV,  Fig.  24.) 


sp.  n. 


A  still  smaller  species  or  variety  from  the  same  rocks  differs  chief- 
V  in  having  the  beak  near  the  middle  line  of  the  shell.  It  is  known 
from  a  single  left  valve.  The  anterior  and  lower  margins  are  coniin- 
""is  parts  of  almost  a  circle,  which  is  only  a  little  produced  posterior- 
'y;  the  posterior  margin  is  inclined;  beak  sub-median,  posterior  um- 
Wal  ridge  not  sharp.  The  .shell  is  moderately  convex  and  is  nearly 
™ooih,  except  for  the  distant  lines  of  growth.  Length,  .63,  width, 
)i  convexity,  about  .20  (single  valve). 


much  longer 
Our  speci- 

differs  chief-  ■ 

It  is  known  '^ 
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S.    Sehizodus  wheeUri,  Swallow. 
(Plate  III,  Fig.  15.) 

This  species  is  identified  beyond  question  and  is  recogni£ed  bf 
the  great  prolongation  of  iu  posterior  side.  The  beaks  are  fiTDminent 
and  situated  over  one-quarter  the  length  of  the  shell  from  the  anterior 
margin.  The  anterior  part  of  the  shell  is  moderately  convex,  while 
that  posterior  to  the  sharply  defined  ambonal  ridge  is  greatly  itNii- 
pressed.  The  lower  margin  is  very  long  and  evenly  convex,  termi- 
nating posteriorly  in  a  prominent  acute  angle ;  posterior  margin  ob- 
liquely truncate ;  dorsal  margin  deflected  posteriorly.  I^ength,  1.  jo  ; 
height,  .80.     Surface  marked  by  very  fine  concentric  lines. 

4.    Sehizodus  euneaius.  Meek.  (?) 
(PUte  IV,  Fig.  23.) 

It  is  very  strange  that  the  original  localities  of  this  s|)c<-tes  ha>e 
yielded  us  four  species  besides,  but  no  typical  example  of  that  cme. 
The  fragment  drawn  is  referred  here  only  because  it  indicates  a  spe- 
cies produced  posteriorly  somewhat  and  different  from  S.  wheclen. 
I  am  inclined  to  believe  that  S.  cuneatus  is  not  a  valid  species. 

.7.    Srhizofitis  rurtuM,  ^'««'l^  •"»»»■*  Wtnhon.     ' 

A  MM^lc  s|K.'i  iinrn.  shnwin^:  pans  of  iHith  v.iKrN,  .i^ut*  n.  %• 
niMrlv  with  thi^  s|>(;(  u-s,  hut  In  tut  ire  hkr  .1  t'omi  ti^iirtvl  h\  Mr*  k.  1 
S.  iiiMil.  Siirv.  Nch..  IM.itc  X.  I-'i^.  i  ^J-  This  hi*  s.i\n  i%  |.r«»!-.i!  v  a 
diffiTrnt  s[K"<  it's  In  S.  curtut  the  lower  in.irL'in  i%  MMilcnol  .n  :•  ;  : 
of' thi*  iirnhonal  rid^r.  in  thiN  the  ri'^ul.ir  «  tir\ri^  (ontiniicd  .s  ..-.'.'. i 
i>  HI  I  \.iri.ihlt'  that  it  1%  not  iinpossitik*  that  otir  s|>t'f  it*\  in  iilrniM  .1 

t i.    Sr h /:«///!,»'/»  */#/ iifnani,  sp .  n . 

iVixiv  in.  1 1^'.  I ).) 

A   \vT\  iKTtVi  t  Iff't  %A\\r  folUiiiil   !i\    Mr    Sju'lhiian.  f«»iTii"»   r. -c 
liaMN  <»l   ihiN  ih'Hi  ri|»li(»n.      'VUv  >\m'\\  is  lar:;*-!  than  cilhiT  «'l  thr  .i?-'\r. 
hut  t'alU  Nh<irt  ot'  the  niaxinimn  nt   >    <  ^nritiis.  uhuh  it  M»Mu*wt-..i!  rr 
M'lnMrH         I  he   inarjjin    \al\r   i^    hiiIi  i-Ih|*r:<  al.   atnl   m«N!>:r.iti  1\    .!"•! 
i\rul\  r>>(iti4lt'<l .    \rr»tral  inari:in  tiirinin^  a  |»«  rlr«  t  Ncnu  t*]h|>M*  .   |'"*?i- 
r:'»r  ":■!«■  I'iii^.  )>  i'«t('ri'>r  in.ir^in  riMimlfil.  Iicak^  rii<Nlrratt'l\  |»rtnn-.'^*  nr. 
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''c^ianded,  at  least  one-third  length  of  valves  from  anterior  margin ; 
^^Dge  line  straight  behind  the  beak ;  posterior  umbonal  ridge  rounded^ 
'^^^t  carinate ;  surface  with  imperfectly  preserved  fine  lines  of  growth. 
T^his  species  obviously  differs  from  the  three  above  described.  It 
^v-ould  seem  to  resemble  S.  amplus^  but  in  that  the  posterior  margin  is 
^^id  to  be  vertically  sub-truncated,  also  the  posterior  umbonal  slope 
^as  a  distinct  sulcus  not  seen  in  this  species. 


Genus  Placunopsis,  Morris  and  Lycett. 

Plucunopsis  recticardinalis,  Meek. 
(Plate  IV,  Fig.  ii.) 

This  species  was  described  from  Flint  Ridge  and  hence  the  figure 
fi^iven  by  Meek  is  copied,  although  we  have  not  found  the  shell  as  yet. 

Genus  Posidonomva,  Brown. 
Posidonomya  fracta,  Meek. 

Only  fragments  of  this  shell  which,  as  Meek  says,  is  almost  an 
exact  miniature  of  the  cretaceous  Inoceramus  problematicus  were 
found. 

BRACHIOPODA. 

Lingula   tight  I,  sp,  n. 
(Plate  IV,  Fig.  5.) 

This  name  is  proposed  for  a  Lingula  of  medium  size  found  in 
great  numbers  upon  the  lamellae  of  earthy  portions  of  fissile  cannel 
coal  at  Flint  Ridge,  ten  miles  east  of  Newark,  Ohio.  This  coal  seam 
is  number  two  in  the  section  and  has  furnished  considerable  quantities 
of  fairly  good  coal  to  local  consumers.  The  Lingulae  occur  in  great 
numbers,  covering  the  surface  in  places  completely,  and  the  coal  is 
filled  with  them  for  a  thickness  of  several  inches.  Valves  nearly  sim- 
ilar, elliptical,  somewhat  asymetrical ;  one  margin  nearly  straight,  the 
other  more  strongly  curved,  sides  narrowed  anteriorly  and  then  rather 
abruptly  rounded  ;  width  equal  to  over  one-half  the  length ;  beak  near- 
er the  straight  margin  ;  shell  covered  with  brown,  finelv  striate  epid- 
ermis, which  is  well  preserved ;  striae  very   numerous,  crowded,  but 
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regular,  somewhat  umbricaled  about   the   beaks..       Length,  .5CK.601 
width,  ..30. 

This  sp  ;s  resembles  ralher  closely  L.  nielie.  Hall,  but  is  not 
narrowed  towaid  the  beaks  as  much  as  in  thai  species,  neither  has  « 
the  rather  promtnetit  mesial  sinus.  Our  species  is  more  oblique  ii 
front 

The  European  Z,  mylihides  is  also  very  similar,  but  seems  W  ^ 
uniformly  smaller  and  more  nearly  resembles  Z.  mtlU  than  our  speci- 
mens.    Named  for  the  discoverer  Mr.    \Vm.  0.  Tight,  o(  GranviU"^ 
We  have  thought  this  a  possible  variety  of  I,,  umlionata,  Cox,  a  sh*^*' 
commun  in  the  coal-measures.     It  is  nearly  of  the  some  siw.  but      ** 
relatively  longer  and  the  margins  do  not  approach  each  Other  above    ^ 
rapidly      It  is  quite  char- 
die  shell  at  one-fourth  the 
than  the  width  at  the  same  <]i 
currence  of  this  Ungula  in  can 
supports  the  theory  that  it  was 
in  bv  streams  or  otherwise. 


species  that  the  breadth 
raks  is  equal  or  even  grcaC  " 
he  front  margin.       The  c^^ 
ig  with  broken  fern  fron-^ 
er  water  by  debris  broug 


) 

species  seems  not  to  Ik: 
only  a  few  specimens  ha* 


Athijris  s 
(  Plate  I. 
ind   widely  Hiet 
abundant'  in  the  rock  under  cont        ; 
jjig  been  secured. 

Shell  somewhat  ovate,  longer  than  broad,  front  margin  nearly  cir  * 
tular;  val\es  very  nearly  Ci|«ally  inflated;  ventral  valve  rather  mor  • 
convex,  the  greatest  c(nue\ity  being  one-third  the  distance  from  th  *" 
prominent  arched  beak;  mcsi.d  sinus  obscure,  except  toward  the  froi*'"* 
of  the  valve,  hy])oderuiis  marked  with  radiating  lines  which  sonietime-iS^ 
appear  throuf^h  the  shell,  especially  that  at  the  bottom  of  the  sinus  ■* 
epidermis  marked  by  loiueniric  lines  of  growth  ;  dorsal  valve  unS  * 
formly  convex,  without  evident  fold  and  with  short  approximated  t)eak  ->" 
The  radaiiiig  lines  on  the  dnrs.il  valves  are  less  regular^lhey  ari^" 
.sim|ily  lines  impres.sed  upon  the  shell  by  the  viscera. 


S,,\rifrr 
(I'late 


■^ 


transversely   oblong,    variable.     Ears   and  middle  of  ventral  margin 
rarely  salient.       Hinge  line  nearly  or  quite  equal  to  the  greatfst  width 
of  valves      Ventral  valve  evenly  arched,  most  prominent  one-rourth 
cJisiance  from  beak  to  ventral  margin;  lateral  poriions  rounded,   not 
reflexed;  beak  moderately  prominent,  considerably  incurved;  area  of 
xnedium  size,  marked  with  numerous  obliquely  upright  ridges :  fora.- 
men  rather  broad;  mesial  sinus  rather  sharply  triangular  in  .section, 
tut  not  very  deep,  bearing  a  medial  and  four  taterdl  plications,  which 
are  also   impressed  upon   the  cast,  but  do  not  extend    lo  the  beak, 
however ;  costa;  of  the  lateral  slopes  of  the    valve  triangular  in   sec- 
lion,  moderately  large,  varying  in  number  between  lo  and  14.  usually 
not  bifurcating,  but  occasionally  increased  by  implantation,  costfe  to- 
ward  the  lateral  margins,  merging  into  the  area  before  reaching  the 
beak.      Dorsal  valve  rather  less  convex,   greatest  prominence  being 
nearer  the  middle  than  in  the  ventral  valve;  beak  projecting  slightly, 
incurved;  mesi.il  fold  about  in  correspondence  with  the  sinus,  bearing 
five  or  six  simple  or  bifurcating  costye.     '1  he  form  of  the  ca.st  of  the 
ventral  valve  is  sufficiently  illustrated  by  our  figure,  also  the  fact  that 
in  this  species  the  hinge  area  of  the  ventral   valve  is  ribbed— a   point 
hitherto  unnoticed. 

•  Spirifera  cam'tvata.  M'tiu". 

(Plate  II,  Kigs.  n-) 

This  is  the  'commonest  Spirifer  and  one  of  the  most  ch.iracterislic 
fos.sils  of  the  coal-measures.  It  is  found  rarely  at  Flint  Ridge  and 
Bald  Hill  in  specimens  of  rather  more  than  medium  size. 

Shell  somewhat  trihedral,  the  hinge  line  being  longer  than  any 
other  part,  often  pointed  or  mucronate.  Ventral  vjIvc  arched,  with  a 
prominent  incurved  beak ;  area  conc.ive.  not  very  acute  toward  the 
cutremiiies,  with  an  almost  equilateral  foramen,  which  is  partly  closed 
by  a  pscudo-deltidiiim;  the  misiil  sinus'i.i  deep,  trian^ul.ir  in  section, 
continuous  from  the  beak  to  anierior  margin.  Dor.-al  valve  less  convex; 
mesial  fold  well  defined,  high;  sides  of  the  valves  nearly  uniformly 
inclined  10  the  lateral  margins,  beak  small,  slightly  produced.  Both 
valves  covered  with  moderately  strong  radiating  ridges  which  soon  in- 
crease by  division,  the  cetral  one  remaining  strongest  so  that  they  are 
groui>ed  in  fascicles  of  from  three  to  five  ;  strife  covering  both  sinus 
Mtd  fold;  shell  also  marked  by  concentric  ridges. 
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I 


Spirifera,  sp? 

(Plate  II,  Fig.  6.)  * 

A  very  transverse  species  is  indicated  I)y  the  cast  figured,  whii 
can  not  be  identified  with  any  known  coal-measare  species.  The  n 
ture  of  the  sperimen  forbids  making  it  the  subject  of  a  formal  descri 
tion.     It  is  clearly  related  to  Waverly  forms. 

Subgenus  mabtinpa,  McCoy. 

Dorsal  mar(rin  shorter  than  the  width  of  the  shell,  the  angles 
the  hinge-margin  shortly  rounded ;  surface  smooth  or  with  punclj 
(spiniferous?)  concentric  line-:,  often  with  less  distinct  suh-epidern- 
radiating  striK  ;  spiral  lamella  small. 

Species  o*"  this  group  appear  in  the  Silurian  and  continue  into  t 
carhoniferniis. 

/.    Spirifera  <Marti.ni-a)  planoconvexa,  Sd". 
(Plate  I,  Fig.  12.) 

This  little  shell  w.ts  found  but  once  in  the  shales  above  the  Fli 
Ridge  coal.  It  is  one  of  the  commonest  and  most  widely  distribut 
coal-measure  species,  very  possibly  identical  with  S.  Urii,  Fleming, 
Great  Hritain, 

Length  and  breadth  nearly  equal;  the  lateral  and  lower  (froi 
margins  forming  a  continuous  arc  like  a  segment  of  a  circle;  venli 
valve  rather  tumid,  being  most  convex  near  the  middle;  beak  p 
duced  beyond  the  hinge  line,  incurved;  foramen  narrow;  area  ct 
cave;  dorsal  valve  flat  with  minute  somewhat  incurved  beak  ;  surfa 
of  both  valves  granuhr,  with  few,  rather  indistinct  concentric  lines. 

2.  Spirifera  {Mariinia)  liiieafa-  Matiin? 
(Plate  I,  Figs.  13a.  13b.  13c,) 
The  second  species  is  considerably  larger  than  the  first,  indeed, 
is  not  certain  that  two  species  are  not  here  confused.  That  figured 
Plate  III,  Fig.  23,  was  imperfect,  but  so  far  as  preserved  seemed 
agree  with  S.  lineata,  as  identified  by  American  writers.  In  tl 
specimen,  which  was  largely  denuded  of  the  shell,  the  radiating  sii 
were  very  evident  and  yet  on  such  portions  as  still  retained  the  sh 
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the  concentric  markings  were  much  more  prominent.  A  peculiar  fea- 
ture is  the  existence  of  two  rib-like  costas,  extending  from  the  beak  to 
the  front  margin  of  the  valve,  which  costae  pertain  to  the  sub-epider- 
mal part  of  ihe  shell  rather  than  the  surface.  Our  second  specimen, 
as  figured  on  Plate  i,  is  nearly  circular  in  outline  and  with  very  little 
evidence  of  radiating  striae,  while  the  concentric  markings  are  very 
prominent.  This  form  may  be  distinguished  from  S.  planoconvexa  by 
the  great  convexity  of  the  dorsal  valves,  as  well  as  its  greater  size  and  the 
prominence  of  the  beak  of  the  ventral  valve.  Length,  14  mm, 
breadth,  13  mm.,  convexity,  8  mm. 

Productus  Cora,  Owen. 
(Plate  II,  Fig.  26) 

Productus  cora,  Owen,  Geol.  Rep.  Iowa,  etc.  PI.  V,  Fig.  i.     1852. 

ProductuSfSemireticulatus^^^dW.  Stansbury's  Rep.  Salt  L.  411.  1852. 

Productus  Prattenianus,  Norwood.  Journ.  Acad.  Phila.  iii,  17.  1854. 

Productus  osquicostatus,  Shumard.   Geol.  Rep.  Missouri,  201.  1855. 

Productus  cora,  Marcou.     Geol.  N.  A.  PI.  VI.  Fig.  4.      1858. 

?  Productus IcBvicostus^  V^hxiG.  Journ.    Bost.  Soc.  N.  H.,  VII.  i860. 

Productus  Flemmgii,  Geinitz.  Garb. -format,  u.  Dyas  in  Nebras- 
ka, 52.      1866. 

Productus  Calhounianus,  Geinitz  (not  Swallow)  do.  1866. 

Productus  Konnickeanus,  Geinitz,  (not  de  Verneuil)  i860. 

Productus  Prattenianus,  Meek.      U.  S.  (tCoI.  Surv.  Net.      1872. 

Productus  Prattenianus  White.  Rep.  U.  S.  Surv.  100  Mer, 
1877.      ^^s^  referred  to  in  Ohio  Geology  as  P.  acquicostatus. 

This  is  the  most  abundant  species  of  productus  in  the  Carbonif- 
erous of  Licking  county,  making  up  almost  the  mass  of  the  rock  in 
many  places,  so  that  slabs  may  be  secured  whose  entire  surface  is 
studded  with  the  remains  of  this  fossil.  Yet,  from  the  fragile  charac- 
ter of  the  shell,  it  is  rarely  found  not  destroyed  or  broken.  I  trans- 
cribe Shumard's  original  description  as  a  basis  for  the  study  of  our 
forms. 

**Shell  large,  broad,  hinge-line  equal  to  the  greatest  width  of  the 
shell.  Dorsal  valve  much  elevated,  arched,  visceral  portion  slightly 
flattened  on  the  middle,  sides  falling  rather  abruptly  to  the  ears.  Ears 
large,   triangular,  with   three  or  four  broad  folds,  which   are  not  con- 


S/tirifera,  sp? 

(Plate  li.  Fig.  6,) 
A  very  Iransverse  species  is  indicated  by  the  cast  figured,  whic^^^-' 
can  not  be  identified  with  any  known  coal-measure  species.      The  n^^^ 
ture  of  the  specimen  forbids  making  it  the  subject  of  a  formal  descrip^^^^*' 
lion.      It  is  clearly  related  to  Waverly  forms. 

Subgenus  martinia,    McCoy. 

Dorsal  margin  shorter  than  the  width  of  the  shell,  the  angles  of*  *' 
the  hinge-margin  shortly  rounded;  surface  smoother  with  punctaie-^:^^'^ 
(spiniferous?)  concentric  lines,  often  with  less  distinct  siib-epidenual  i  -*! 
radiating  stride  ;  spiral  lamellre  small. 

Species  o'  this  group  appear  in  the  Silurian  and  tontiniic  into  the  -^^^ 
carbonifernus. 

/.    Spirifern  i.Mii,rf,inia)  plntiaconvexa,  Sth. 
(Plate  1.  Hg.  12.) 

This  little  shell  was  found  but  once  in  the  shales  above  the  Flitlt 
Ridge  coal.  It  is  one  of  the  commonest  and  most  widely  distributed 
coal-measure  species,  very  possibly  identical  with  S.  Vrii,  Fleming,  of 
Great  Britain. 

Length  and  breadth  nearly  equal;  the  lateral  arid  lower  (front) 
margins  forming  a  continuous  arc  like  a  segment  of  a  circle;  ventral 
valve  rather  tumid,  being  most  convex  near  the  middle;  beak  pro- 
duced beyond  the  hinge  line,  incurved;  foramen  narrow;  area  con- 
cave; dorsal  valve  flat  with  minute  somewhat  incurved  beak;  surface 
of  both  valves  granuUr,  with  few,  rather  indistinct  concentric  lines. 

2.  Spirifern  (.Marfiiiia)  lineafa,  Martin? 
(Platel,  Figs.  13a.  .3b,  .3C.) 
The  second  species  is  considerably  larger  than  the  first,  indeed,  it 
is  not  certain  that  two  species  ate  not  here  confused.  That  figured  on 
Plate  III,  Fig.  23,  was  im|)erfect,  but  so  far  as  preserved  seemed  to 
agree  with  S.  lineata,  as  identified  by  .American  writers.  In  this 
specimen,  which  was  largely  denuded  of  the  shell,  the  radiating  striK 
were  very  evident  and  yet  on  such   portions  as  still  retained  the  shell 
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the  concentric  markings  were  much  more  prominent.  A  peculiar  fea- 
ture is  the  existence  of  two  rib-lilte  costie.  extending  from  the  beak  to 
the  front  margin  of  the  valve,  which  costie  pertain  to  the  sub-epider- 
mal part  of  the  shell  rather  than  the  surface.  Our  second  specimen, 
as  figured  on  Plate  i,  is  nearly  circular  in  outline  and  with  very  little 
evidence  of  radiating  striie,  while  the  concentric  markings  are  very 
prominent.  This  form  may  be  distinguished  from  S.  planoconvexa  by 
the  great  convexity  of  the  dorsal  valves,  as  well  as  its  greater  si/e  and  the 
prominence  of  the  beak  of  the  ventral  valve.  Length,  14  mm, 
breadth,  13  mm.,  convexity,  8  mm. 


I 


Prodtictu>is  Cora,  Owen. 
(Plate  II,  Fig.  26) 

Projuetus  com.  Oven.  Geol.  Rep.  Iowa,  etc,  PI.  V,  Fig.  i.  1851. 

ProiiiutusiseMintuulatus,Ma\\.  Stansbury's  Rep.  Salt  L.  411.  185*. 

PukfMfus  PraUe'iianus.  Norwood.  Journ.  ,\cad.  Phila.  iii.  17.  1854. 

ProdiKtus  a^uifostatus.  Shiimard.    Geol.  Rep.  Missouri,  joi.  1855. 
ProdiKtui  <ora,  Marcou.     Geol.  N.  A.  PI.  VI.  Fig.  4-      1858. 

? /h>rfuc/tfi/<nvm/w.  White.  Journ.   Bosi.  Soc  N.  H.,  VII.  i860. 


Produdiis  FUmmgii,  Gein 
52       1S66. 

Produetits  Cnt/iounianus,  Geinitz 
Prodtutus  Konnickeanus,  deinit; 
Produslus  Prattenianus,  Meek. 
Produclus    Prattenianus  While. 


Carb. -format. 


Dyas 


1  Nebras- 


Sr.6. 


(not  Swallow)  do.  1 
,  (not  de  Vemeuil)  i8fi 
U  S.  Geol.  Surv.  Net. 
Rep.    U.   S.    Surv, 


.871. 
o    Mer. 


1877.      Also  referred  to  in  Ohio  Geology  as  P.  aequkosldtiis. 

This  is  the  most  abundant  species  of  productus  in  the  Carbonif- 
erous of  Licking  county,  making  up  almost  the  mass  of  the  rock  in 
many  places,  so  that  slabs  may  be  secured  whose  entire  surface  is 
studded  with  the  remains  of  this  fossil, 
ter  of  the  shell,  it  is  rarely  found  not 
cribe  Shumard's  original  descripi 
forms, 

"Shell  large,  broad,  hinge-line  equal  to  the  greatest  width  of  the 
shell.  Dorsal  valve  much  elevated,  arched,  visceral  portion  slightly 
flattened  on  the  middle,  sides  failing  rather  abruptly  lo  the  ears.  Ears 
large,   triangular,  with   three  or  four  broad  folds,  which   are  not  con- 


Yel,  from  the  fragile  charac- 
desiroyed  or  broken.  I  trans- 
as  a  basis  for  the  study  of  our 


n 
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[  tinued  across  the  visceral  porlion.      Just  within  the  cardinal  border  is 
[  a  range  of  four  or  five  small  tultes  on  either  side  the  bea.k.     The  beak 
I  is  iQoderaiely  obtuse,  and  passes  a  little  beyond  the  cardinal  border. 
I  The  surface  is  covered  with  longitudinal  rounded  ribs,  which,  at  from 
I  about  one-fourth  of  the  distance  from   the  back,    preserve  nearly  an 
uniform  width  to  the  front  margin.       Some  of  the  ribs  bifnrcate  neai 
die  l)eak,  and  then  continue  without  further  division,  the  spates  be- 
tween   them    l>eing  occasionally   supplied  with   new  ones;     they  are 
nearly  straight  on  the  back  of  the  shell,  on  the  sides  they  are  curved 
toward  the  lateral  borders,  and  rendered  flexuous  by  the   folds.      At 
ten  lines  from  the  beak  there  are  fifteen  ribs  in  the  space  of  five  lines, 
the  whole  niunber  is  from    150  to    160.      The  surface  is  studded  with 
slender  tubes,  which  in  some  specimens  are  sepirated  from  each  other 
by  pretty  regular  intervals,    an.i  arranged  in  oblique  line   .icross  the 
.  shell;     in  others  they  are  scattered  promiscuously  over  the  surface. 
Ventral  valve  concave,  visceral  portion  nearly  pljnc,  sub- 
[  quadrilateral,  with  several  folds  which  continue  across  the  shell ;  these 
1  are  prominent  on  the  ears  and  side,    but  become  obscure  as  they  ap- 
proach the  middle. 


very  c 

ihell  thin,    varying  from  sub- 

vider  than  long;  hinge 

idlh  of  valves  ;    anterior  outline  reg- 


J'foditctus  piinctatus,  M»riin. 
(Plate  II,  Fig,  29.) 
This  is  also  a  widely  distributed  species  which  is 
■"lint  Ridge.  Attaining  a  hrgi 
quadrate  to  longitudinally  suboval 
line  always  shorter  ihan  greatest  w 
ularly  rounded  or  slightly  sinnous  in  the  middle  Ventral  valve  gib- 
bous with  a  merial  fl.itle,ning  or  depression  extending  from  the  front 
nearly  to  the  beak.  Ears  compressed,  small  (the  specimen  figured  is 
distorted  by  pressure).  Dorsal  valve  somewhat  concave,  with  a  slight 
medial  prominence.  Surface  marked  by  regular,  rather  conspicuous, 
distant,  concentric  ridges,  supporting  numerous  appressed  spines. 
Length,  1.50,  breadth,  somewhat  less. 


FroihtrAits  lon^utpinas,  fio^erby. 
(Plate  II,  FifiS.  15,  17,  i8. ) 
This  very  common  and  cha.racieristic  shell  is  one  of  the  most 


^Tjundani  fossils  in   the  shales  and  lin 

fig  35  illtistrates  the  structure  of  the  interior  of  the  valve. 
Product  lis  muric-ilus.  N.  .mil  P. 

This  form,  often  called  a  variety  of  the  above,  differs  so  constant- 
1  y  from  P.  longispinus  as  to  he  worthy  of  a  distinct  name.  It  is  less 
«L:;ommon  than  the  above  and  may  be  recognized  by  the  fact  that  the 
^iriae  are  much  coarser  than  m  V.  longispinus,  and  especially  by  the 
•concentric  wrinkles  upon  the  dorsal  pan  of  the  ventral  valve,  which 
mnclines  to  become  flattened  in  one  plane. 

m 

^^H  Frill! Ill:/ us  Xebrnscfnsia.  Given, 

^"  (Plate  II,  Fig.  30.) 

This  widely  distributed  species  is  recognized  by  the  peculiar  no- 
<lulose  character  of  the  surface,  the  coarse  radiating  striae  l>eing 
crossed  by  irregular  concentric  ridges. 

Ptoduclui  coitatus  is  very  similar,  as  is  P.  seminticuliitus. 

Both  last  named  species  probably  occur  in  these  beds,  but  as  the 
rimens  do  not  now  lie  at  command  they  are  not  enumerated. 


^^teeci 


Choiietes   meso/obn. 


Although  not  figured,  this  is  one  of  the  most  abundant  and  char- 
c  fossils  of  the  region  and  may  be  known  by  the  prominent 
mesial  fold.  Its  known  vertical  range  in  the  county  is  over  one 
hundred  feet.      A  lignre  can  be  fotmd  in  Dana's  Manual  ji,   _^jz. 

I  Slrii-klniuiinia  \?)  sub/funilrutfi,  H'.  «. 

m  (Plate  I,  Figs.  14,  Ma.) 

•  The  generic  reference  is  simply  provisional,  but  the  figures  will 
illustrate  the  specific  characters.  One  specimen  is  in  the  form  of  a 
Msl  showing  some  of  the  internal  markings;  these  in  some  respects 
resemble  Pentamerus,  The  genera!  outline  is  almost  exactly  that  of 
Lingula  siibquadraia  of  the  Silurian,  being  subquadr.ite  with  parallel 
sides.  The  beaks  are  moderately  jirominent  and  the  valves  quite 
Strongly  convex.     The  shell  is  marked  by  rather  strong  distant  stria; 


I 


parallel  to  the  edge.  The  interior  of  (he  ver 
is  marked  by  two  bifid  grooves  anteriorly  and  i 
qKcimen  seen  measures  .70  by  .50  inches. 


■al  (?)  valve  (Fig.  1^) 
my  |iiis.     'I'ht  latgr^* 


Hemipronitea  crasaua,  M.  and  II. 
(Plate  II.  Fig.  19.) 


Orthis-like  shell  is  common  tc 
is  mvich  less  common 


the  suh-carbonifer—- 
n  the  latter  in  Lick- 


ing Co.     Specimens  of  this  species  < 
Flint  Ridge. 


L-cur  sparingly  at  Bald  Hill  and 


PROTOZOA 
FitsuUna  cylindrioa,  Fisher. 
(Plate  III,  Fig.  ao.) 
The  Foraminifera  are  represented  by  one  si)ccies  which  is  obtained 
from  the  flint-bearing  limestone  of  Flint  Ridge.     In  many  places  [he 
rock  was  almost  entirely  composed  of  these  minule  shells  not  larger 
than  and  nearly  the  shape  of  a  grain  of  wheat.     The  shell  is  not  pre- 
served but  the  cavity  bears  the  markings  of  the   exterior  which  are 
immistakable.     This  seems  to  prove  that  the  flint  bearing   limestone 
was  formed  at  some  depth  and  its  flint  must  very  likely  be  accounted 
for  by  supposing  it  to  be  derived  from  silicious  protozoa  and  spongue 
spicules.     .Although  this    species    probably    had  a  calcareous  shell  it 
suggests  that  conditions  prevailed  suited  to  the    growth  of  siliceous 
forms 


COK.VLS  FTC. 

.A  si,edcsr.fZnphreniis  (Plate  II,  Fig.  Ji. )  is  indicated  by  sev- 
eral poorly  preserved  specimens  but  these,  as  well  as  half  a  dozen 
species  of  Itryo^ioa,  arc  reserved  for  a  latter  occasion.  (See  .Ap- 
pendix II.) 

In  conclusion  we  may  remind  the  reader  that  this  list  is  of  neces- 
sity <}uite  incomplete  and  hasty  and  that  it  has  been  prepared  at  a 
distance  from  means  of  accurate  comparison  with  types  and  was 
designed  to  illuslraie  the  richness  of  a  single  limited  horizon  and  to 
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prepare  the  way  for  the  intelligenl  slufiy  of  ihe  difficult  group  of  rocks 
below. 

In  fact,  a  larger  number  of  species  than  are  here  described  liave 
been  already  figured  from  the  Waverly  and  only  a  beginning  is  yel  - 
made.  These  plates  it  was  hoped  to  print  at  ihis  time  hut  circum- 
stances forbid.  In  the  neighborhood  of  eighty-five  species  have 
been  collected  by  the  class  from  the  coal  measures  during  a  few  hasty 
trips  to  Flint  Ridge.  This  is  as  naany  as  have  been  described 
from  ihe  coal  measures  of  Indiana.  Meek,  in  the  Ohio  Paleontology 
^^dgKribes  only  about  ttt-enty. 


AI'I'ENDIX  I.     CARBONIFEROUS  TRILOBITES. 


intended  to  devote  space  to  a  somewhat  extended  discus- 
sion of  the  carboniferous  Trilobites  of  America  but  lack  of  space  and 
the  incompleleness  of  the  discussion  possible  at  present  has  induced 
lis  lo  give  up  the  idea,  especially  in  view  of  the  hint  that  a  special 
work  is  soon  to  appear  upon  this  subject.  The  following  notes  are, 
however,  appended  to  the  present  paj>er  in  the  hope  that  they  may 
prove  useful. 

It  is  well  knswn  that  during  the  carboniferous  period  trilobites 
rapidly  approach  extinction  and  but  few  remained  to  struggle  with  the 
adverse  conditions  of  the  Permian.  But  why  the  seas  of  the  car- 
boniferous were  less  favorable  than  those  of  the  Cambrian  and  Silurian 
remains  a  mystery.  Although  the  trilobite  of  the  early  Paleozoic  was, 
perhaps,  a  synthetic  type  as  argued  by  Agassiz,  it  would  seem  that  the 
trilobites  of  the  carl>o  n  iferous  belonged  to  a  closed  type  with  slight 
powers  of  adaption. 

A  careful  study  of  the  trilobites  of  the  carboniferous  rocks  of 
America  ought  to  throw  some  light  on  these  matters  if  undertaken  in 
a  truly  comjiarative  spiiil  rather  than  from  the  standpoint  of  the  mere 
systematist.  Nevertheless  it  is  necessary  to  first  devote  the  requisite 
systematic  study  in  order  to  give  critical  value  to  determinations.  A 
review  of  the  whole  field  is  neressary,  but  its  difficulty  has  been  much 
lightened  by  the  works  of  two  European  authors  from  which  many  of 
our  statements  are  drawn.  {Valerian  v.  Moelttr.  Ueber  die 
Trilobiten  der  steinkohlen  formation  des  Ural,  ncbst  einer  Uebersicht 
und  einegen  Ergaenzungen  der  bisherigen  Beobachtungen  ueber 
Kohlen    Trilobiten,     1867;    H.     Woodward.      A    Monograph    of  ihe 
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British  Carboniferous  Trilobites  18S3-81  Palaeoniographiral  Society. 
I«ondon. ) 

The  first  dencription  of  trilobite  remains  from  carboniferou&  rcM  k« 
was  that  of  the  Abbe'  de  Vitry  in  1779.  (3  Mem.  de  TAcad.  im|icr. 
et  royale  des  sciences  et  belles  lettres  de  Bruxelles.  i^Ho,)  Thirty 
years  Liter  William  Martin  described  in  his  Petrificata  I  Hrrbicn^u  a 
toiloliite  as  Rntomflitikus  onkties  Derfyensis^  which  he  rc-g.irdni  a^^  a 
petrified  insect  related  to  Oniscus. 

In  1836,  Phillips'  (leology  of  Yorkshire  appeared,  in  which  cif;ht 
species  were  described,  albeit  very  imperfectly. 

Portlock.  in  1843,  published  his  Geological  Ke|iort  un  l.oniloh- 
derry  in  which  for  the  first  time  the  attempt  was  made  to  set  up  iliMinc  t 
genera  for  the  carboniferous  trilobites.  Pkillipsia  and  G^ifiitkides, 
the  two  prominent  genera,  date  from  this  report. 

De  Koninck  added  much  to  the  general  fund  of  infurmatioo. 
although  his  studies  were  restricted  to  Belgium. 

M'Coy's  Synopsis  of  the  characters  of  the  cirliontferouH  Lime- 
stone Fossils  added  several  species  although  none  too  well  distinguished 

Family  PROF.rin.«. 

The  four  genera,  Phillipsia,  Oriffithides,  Brachymetopii^.  and 
Proetiis,  which  ronstituti^  the  family  are  all  found  in  farUmifrrou^ 

r<M  kv  whilf  ihr  first  thri-r  .irr  rrsirii  !r<l  to  it,  anil  rnn'i-.i'.    Jt^;!!;*   ': 
thr  Siltiri.in.      l*hilli|»Ni«i  .iikI  (inrtiuics  riMlly  iDiistitiitr  mi'-  ;;» n  i-»  «  :' 
two  i\[h:s  more  <»r  Irss  I  losoly  tiniti*<).      In  lM»ih,  iht*  ^^I'nrr.il   t.-vn   • 
ov.il,  the  .in^jlrs  of  Ok*  «  hrrks  ni.iy  In*  j:rc.iily   |iriMhi«  nl.   t.i»  :.il    *  .:   :• 
tutting   (ifilii{iiii\    ai  roH%  th**    iHistcrmr    ni  ir^in    i»l"    \\v:    hiMiN-t.: 
thi»ra<  M     sr^iiu-ntH  ninr  in  nninlxT  .   iHj^itliirn    with  12     iS  *'^::i.r  •» 
margin  roiintU-tl.  not  t'nnliri.itt'ti. 

tii^Msi.      Piiti  i.ii'Ni  \.    rtirilifi  k,    1.S4; 

<f!a)H-Ila  with  niMrU  |>ar.illri  ^hIi-n  .   t».is.il  )iit»i'%.    t'ornu'il  l>\    >  »• 
flrt'iiic-il    fiirniw   M*|iaraltn^  thf    iiostiTmr   »'»rnrr>.   ihMin<  t     ni"'.-:  »      — 
clalM-M.i  tnirki'il  \\\  lwi»  or  ni'>rr  latrral  fMrriiws.  vw^  Iirj;*'.    !i«  •::•■: 

<»i\i-.»       tikin  1 1  iiii'i -.    I'i.fil«Mk.    i'<4; 

I  i' i^'-I!  I     :.\  r;t-  ftiif.     ?i;!nit|.     i!«  n*!*  ,ri     .ii     l.itrr.il    li.rrm*. 
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Gbnus  3.     Proetus,  Steininger,  1830. 

(jeneral  form  oval,  head  short,  pigidium  longer ;  head-shield  with 
a  i-3.ised  border  and  furrow ;  angle  of  free  cheeks  sometimes  pro- 
duced;  basal  lobes  of  glabella  distinct,  with  or  without  lateral  fur- 
rovirs;  axial  furrows  distinct,  facial  suture  diverging  in  front  of  eyes  to 
form  prominent  palpebral  lobes.  Free  thoracic  segments  8-10. 
r^ig^idium  with  elevated  axis,  plurae  falling  short  of  margin  of  the 
n>igiciium,  which  usually  is  smooth. 

Genus  4.     Brachymktopus,  M'Coy,  1847. 

Head  shield  nearly  semicircular,  acutish  in  front,  one-third  wider 
tHa.T-iL  long;  glabella  small,  about  one-half  length  of  head,  with  basal, 
^^t:  xio  lateral  lobes ;  facial  suture  obscure ;  angles  of  cheeks  produced ; 
siai-Face  pustulate;  pigidum  with  a  rounded  border,  ribs  with  double 
*^Tows,  surface  ornamented. 

The  following  list  embraces  all  the  now  recognized  species  of  car- 
iferous  trilobites,  so  far  as  can  be  ascertained.     It  must  be  admit- 
that  many  species  have  been  described  in  this  country  from  frag- 
'^^^^r^ts  too  imperfect  or  too  incomplete  to  afford  adequate  means  of 
parison. 

Genus  Dalmanites  (?) 

I.   D,     cuyahogcgy  Claypole,   (Plate  II,  Fig.  33. ) 

Genus  Proetes. 

1.  P,  latins.  Woodward. 

2.  P.  auriculatis^   Hall. 

3.  P.  dlipticuSy  Meek  and  Worthen. 

Genus   Phillipsia. 

European  Species. 

CDwn  from  heads  and  pigidia. 

A.   Angle  of  free  cheek  produced  to  form  a  long  spine. 

1.  Axial  lobe  of  glabella  not  expanded  in  front. 
r.  P.  gemmulifeni^  Phillips.     Two  lateral  furrows  on  the  glabella, 

^*^  of  pigidium^  with  about  18  somites.     (Plate  VI,  6. ) 

2.  P,  truncaiula,    Phillips.       Three  lateral   furrows  on   glabella^ 
^^^s  of  pigidium,  wirh  about  18  somites.      (Plate  VI,  7.) 


n.    Aiial   lobe  of  glabella  expanded   anteriorly. 

(a)  of  medium  size. 

t-  pigidiiim  rather  longer  than  wide. 

3.  P.  eiclnoaldi,  Fischer.      Head  nearly  semi-circular,  eyts  large. 
_-^a.  P.  euhwaldt,  var.  mucr&nala,  McCoy.      Pigidium,  with  a  me- 
dian posterior  prominence.     (Plate  VI,  8.) 

4.  P.  Itei,  Woodward,     Eyes  very  small. 
\.   pigidium  broader  than  long. 

3.  S.  cliffordi.  Woodward.      Pigidium  twice  as  widt  as  long. 
(b),    Of  small  si>ie. 

6.  P.  minor.  Woodward. 

B.  Angle  of  free  cheeks  not  [>rodiiced  10  form  a  conspicuotl* 
spine. 

I.  Anterior  margin  of  glabella  not  expanded. 

7.  P.  derbiensis,  Martin,  (Plate  VI,  Fig.  12.) 

II.  Anterior  margin  of  glabella  expanded. 

a,  Pigidium  wider  than  Inng. 

8.  P.  (Old,  McCoy,  (Plate  VI,  Fig.  11.) 

b.  Pigidium  longer  than  wide. 

9.  P.  seabra.  Woodward. 
Known  only  from  pigidia. 

10.  P.  artiaiinsa.  Woodward.     Resembles  P.  cliffordi.   differing 
in  having  seventeen  coalesced  somites  instead  of  thirteen. 

11.  /•  carinata,  Salter.     Axis  of  the  tail  acutely  ridged,  seven- 
teen segments. 

12.  P.  latkaudala.   Woodward.        Pigidium    very   wide,     with 
twelve  somites,  axis  elevated. 

American  Species. 
Known  from  both  heads  and  pigidia. 

1.  P.  swalltmi,  Shumard. 

2.  P.  shiimardi,  Herrick. 

3.  P.  sagamommis.  Meek  and  Worthen. 

4.  P.  scitula.  Meek  and  Worthen. 

5.  P.  doris,  Winchell. 

6.  P.  rockfordensis,  Winchell. 

7.  P.  insignis,  Winchell. 
S.  P.  Irinudeata,  Herrick. 
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i¥n  from  pigidia  or  glabellse  only. 

9.  P.  tneranucensis^  Shumard. 

10.  P,  missouriensis^  Shumard. 

11.  P.  major ^  Shumard. 

12.  P.  cliftontnsis^  Shumard. 
(?)i3.   P.  Steve nsoni.  Meek. 
14.   P.  peranulata^  Shumard. 
(?)i5.   P,  latispinosa^  Sandberger. 
(?)i6.    P.  tennesseensiSy  Winchell. 

Genus  Griffithides. 

1.  G.  a^anthkepsj  Woodward,  (Plate  VI,  Fig.  lo.) 

2.  G.  brcvispinus^  Woodward. 

3.  G.  calcaratuSy  McCoy,  (Plate  VI,  Fig.  i6.*) 

[*Figure  omitted  in  plate,  it  lies  above  and  between  ii  and  12.] 
(?)4.      G^  carringtoncnsis,  Etheridge. 

5.  G.  glaber.  Woodward. 

6.  G.  globiceps,  Phillips. 

7.  G.  longispinus,  Portlock. 

8.  G.  moricepsy  Woodward. 

9.  G.  obsoletus,  Phillips. 

10.  G.  platyceps,  Portlock. 

11.  G.^semiuifcrus.  Phhillips. 

12.  G.  roemeri,  Moeller. 

'3-  ^'  gruenewaldtiy  Moeller. 

14.  G.  bu/o,  Meek  and  Worthen. 

15.  G.  portlockiy  Meek  and  Worthen. 

16.  G.  longicepSy  Portlock. 

Genus  Brachymetopus. 

1.  B.  discorsy  McCoy. 

2.  B.  hibernicuSy  Woodward. 

3.  B.  McCoyU  Portlock,  (Plate  VI,  Fig.  16.) 

4.  B.  ouralicus,  McCoy,  (Plate  VI,  Fig.  14.) 
(?)5.  B.  lodiensis.  Meek,  (Plate  III,  Fig.  4.) 

Annotations  on  the  aboi'c  list. 
Dalmanites  ?  cuyahogcp  Clay  pole  was  described  in  the  Geol.  Mag., 
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Decade  iiu  vol.  i,  p.  306,  1883.  The  specimen  described  was  a  near- 
ly entire  pigidium,  differing  from  all  known  carboniferous  spcfics  in 
the  long  spinous  processes,  which  resemble  those  of  Dalnianitcs. 

It  might  be  observed  that  the  great  size  of  the  median  lobe  i»  sug- 
gestive that  possibly  the  marginal  part  of  the  pigidium  had  lieen  Mimc- 
how  removed,  leaving  the  ribs  irregularly  preserved,  llic  pigidium 
might  then  Mong  to  Brackymeiopus^  but  such  a  mutilation  would  mmt 
assuredly  have  been  noticed  by  Prof.  Clayfiole. 

The  specimens  referred  to  Prvetits  consist  of  pigidia  and  frj^- 
menus  and  the  reference  is  based  on  analogy  simply. 

Of  the  species  of  Pkuiipsia  figured,  it  is  ncit  necess.iry  to  ^ivc 
descriptions,  while  condense:!  descriptions  of  the  others,  as  far  .is  thry 
can  now  be  drawn  up,  are  given. 

The  various  authorities  who  have  described  P.  ^uali$  (  —  1*.  |m>v 
thumus.)  disagree  even  in  essential  characteristics,  so  that  for  the  |*rr% 
ent  its  fXMition  must  remain  doubtful. 

P,  artkuhna  is  closely  related  to  P.  clifforji^  from  which  it  «iifrcr\ 
in  the  gre<iter  number  of  coalesce<l  somites. 

'*  Pigidium  [the  only  part  known]  one-fourth  broader  than  l^n^. 
axis  one -third  breadth,  consisting  of  seventeen  roalesred  u'^nu-ntv 
which  diminish  rapidly  in  breadth  to  the  extremity,  which  i<«  l^iuntlv 
round,  .md  U*s»»  ih.m  oiu*  third  lIu*  lircidth  nf  tin*  ;i\is  at  tht-  jr«  \  n  ! 
i-inl  ;  ,!\i.il  r.irr»»>\N  ilitply  in.irkf-tl.  I'lnr.r  1;.  l<  rnni.i*.- ^  .  •  •  . 
within  the  iu.ir;:in.  i^liiili  i>  !nii't\  strMtcil,  iin<>rn.iint  iitci! 

/'  .  /^."///.i.  !•»  I'Ht  iin|M-rtr<  ?    in    llir   '•;-ri  iiniTis  .i^  \i  t    il  -< 
(i)  Iif  v\«irthy  "t   ilt-Ni  riptmn. 

/'   ..'/•^  /.//         ri^:<li.llil    lv\hr  .Is    I"!!^  .Is  lir«'.»i!.   .i\:s..in    •':    •-      • 
l»r«Mihfj    at  [•r«»\nii.il   fnirilfr.  rj|«ii!l\  «l!Uiiii>l.m^   !••   •irM^ix,:' 
iHtnlt-r   Is  |»iisiir:«»rl\  itni'M-xciilh    thf  Ini^rh    i  >!   ihr    |iI^m!.  :'ii. 
inini<>i:f-s    1  iifT.ilix  .   .i\!s  «•!'   1;    s.irmit  %.  u-rli     i       Virrf.jl    [i    ■•      ^ 
Itilufi   itf  -Is  t*ic\   .\\*\tx**.i*  \\  thf  :n  ir^:M.  ur;. -t  rj.imt  un  \\ 

/'.  l.ifi..t:tJ.tti.        V\jiu\\  WW  iir:i  'J  !>!•■. pl-r  'li  iii  N*:!^.   \xj\   -••    •  ^    . 
!ri!«  •!'«.!  .   .  x-s  rlr>  .jt.«l.  <  'Misisrii^  I  .J   1 .»  %  .m:'.  -.     «  i"  i;  >»rr  ■•  ^  •.    • 
iil'l    '  if:.  i!ii'  ri»«-il  w  itJi    .1    Hf-riisiii    in:!!';'r-    r.'.ir.!.  -,        I'!  ;r  »     -j 
t'«r    '   .':    •".     r    !•  :.»•'!.    ni;Ti-;!t  |>    • -n.  rm  ?.'•  >!.     I-.-.".-    !'n  ii  *•    -.  ■ 
!n  ir^  -I      '•  ::^'i.  '1  iM  M  .  life  i.!!li  1/  ti.<«i       t  •'    '  ■   1  1  !  .!'r!.  ■:..:  •  •  * 

Mr    f  •:  -r  iv    :;    ••!    tin*    lui-l    ■■!    /*     .     ;     ■    !r  ■m    *   \iV  \     ■     •■    • 
s|  .  .    ■■.■■-    I'.  1  ::•  I  •  '    !n  :  >   n«  'l    )'•■    .'.'■':•■      '.  •  \  •  '  \    !   irr  •     .    *         I 
I    •     :    ^  ■:     ::i  :-  '■:,     r,::fi  i.r-i.i.irr    Tri.ui    .■■■._     ::  t      xi-i-  m-.  ■     ■ 
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of  its  breadth  at  the  proximal  border,  but  diminishes  very  rapidly,  ter- 
minating in  a  somewhat  blunt  point  near  the  posterior  margin,  About 
14  somites,  with  about  9  plurae,  surrounded  by  a  narrow,  smooth  bor- 
der.    The  pigidium  is  more  triangular  that  of  P.  cold. 

P.  minor  is  a  very  small  species,  having  a  pigidium  resembling 
that  of  P.  eichwaldi.  Head  shield  rounded  in  front,  one-third  broader 
than  long;  glabella  occupying  one-third  breadth,  oval,  slightly  broader 
in  front,  tumid,  with  distinctly  marked  basal  lobes ;  lateral  furrow  in- 
distinct ;  neck-lobe  rather  prominent )  angle  of  cheek  produced  into  a 
short  slightly  curved  spine. 

P.  ijuadrilimba  is  too  imperfectly  described  to  be  recognized  and 
might  better  be  dropped  from  synonomy. 

Griffilhtdes  brevispinus  is  known  only  from  two  fragments  of  the 
head.     The  author  describes  as  follows : 

*■  Head  nearly  twice  as  broad  as  long  ;  free  cheek,  terminating 
laterally  in  a  short  spine ;  the  eye,  which  is  very  smooth,  is  rounder 
and  more  tumid  than  in  other  species.  The  glabella  is  nearly  smooth 
in  front,  and  overhangs  the  anterior  border  of  head-siiield  ;  posterior 
portion  of  the  glabella  and  the  neck-lobe  irregularly  tuberculated  ;  free 
cheek  also  tuberculated,  about  8  tubercles  on  each  cheek,  placed  in  a 
semicircle  about  the  eyes.      Margin  of  shield  raised  and  striated." 

G.  t  carrin^onen'sis  is  represented  by  pigidia  resembling  very 
much  that  of  G.  obsoktus,  except  that  this  species  has  12  axial  seg- 
ments and  has  a  distinct  margin  to  the  pigidium,  while  G.  obiokiu!  has 
but  10  segments- 

G.  obsoUlus.  Pigidium  one-fourth  broader  than  long,  composed 
of  10  segments,  oxis  much  broader  than  plural  portion;  each  of  the 
9  rib-like  phcae  marked  by  a  furrow  down  the  centre,  margin  smooth. 
Glabella  covered  with  peculiar  striations. 

G.  platyceps  was  described  from  a  fragmentary  glabella,  only  and 
is  not  recognizable. 

The  two  species  of  Brachymttopus,  B.  discors  and  B.  hibemicus 
are  founded  on  pigidia  only  and  the  outline  drawings  given  will  afford 
all  the  information  we  pos.sess  concerning  them. 

Meek's  Philllpsia  lodiensu,  if  a  Brachymetopus,  is  the  only  mem- 
ber of  this  genus  yet  found  in  America. 

We  have  thus  hastily  reviewed  the  exotic  species  and  turn  to  a 
more  careful  study  of  the  American  forms.     In  the  first  place,  let  i 
e  the  original  descriptions. 
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Genus  Phillipsia. 

Phillipaia  BwMovU  i»huniard. 

Proeius  swallatfi^  Shumard.     Geo!.  Surv.  Misitouri. 

**  Head  semi-circular,  swollen,  exterior  border  narrow,  slightly 
elevated  and  marked  with  4  or  5  thread-like  strix  :  sinus  of  the  iMirdct 
shallow  and  indistinct ;  |x>8terior  border  of  cheeks  rather  wide,  ami 
limted  internally  by  a  shallow,  but  distinct  groove :  gcnal  an(;fc 
short  and  round  ? ;  glaDella  tumid,  elevated  above  the  plane  of  the 
cheeks  ;  occupying  about  four-fifths  the  entire  length  of  head,  rather 
more  than  half  as  wide  as  long ;  front  rounded ;  sides  ronvcx  in  ad- 
vance of  the  eyes;  slightly  concave  in  the  middle,  and  cxfianding 
again  posteriorly ;  lobation  indistinctly  marked  by  three  very  shallow 
depressions  on  each  side,  the  anterior  and  middle  ones  lieing  nearly 
obsolete ;  occipital  segment  wider  thun  the  l>ase  of  the  glalx-lta ;  i  m  c  i|>. 
iul  furrow  slightly  arched  toward  the  front,  narrow,  rather  deeply  iro- 
|>ressed,  widest  at  the  extremities;  the  furrow  which  sejiarates  the  gla- 
bella from  the  cheeks  [facial  suture  ]  is  narrow,  flexuous  and  slightly 
impressed  ;  palpebraral  lol)es  semi-oval,  visual  surfaces  minutely  retic- 
ulated. Thorax  with  9  segments ;  axial  ]ol>e  elevated,  width  greater 
than  lateral  lol)es  (pleural  |)ortions|,  rings  rather  wide,  flattene«l  in  the 
direction  of  the  axis ;  pigidium  parabolic,  moderately  convex  ;  length 
aUnil  f<ni.il  to  hiM«!:  iK^mlcr  rather  wi<k*:  avi.il  lolie  e!r\atfi|.  i*.  «  .!r 
a**  lattT.il  l«»ln*^;  sr^mriiN  rlrvrii.  l.JtiT.il  loin*-*  ;il»M;it  sf-M-n,  iij-!.^*  \ 
Wlmlr  Miriai  f  tiiiiiiitclv  jftiru 'ii.itt* ;  \\u'  piiiH  InrrN  sumrtiint-^  •:■-; 
in  (|iiinf  1111%.  .in»l  v»iiu-timci  irrrp:'il.irl\ .  I.ctij^th  «•!  lu-.nl.  ;'.  '.  '  * - 
grealcM  uhlth,  U  line^.  ' 

The  s|K-f  lo  is  tli'sf  rilnMl  Iriiin  llu*  (  Im  tiniii^'.  :\\  < 'Iim'M»-.ii  **:  r  -  „v 
<'€Mi|irr  (*ii..  Mi'iNinirj.  lull  ii  t^  Nii^pi  •  ti-il  ih.il  \\\v  !«iriii.|t:nn  w.  *■ 
tniim)  t<i  )i(-  rr.t!l\  siili  <  arlHinit'rnniv 

I'hi/fipsiti  shurtitirtli,  H.«r    ^ 

<  ii  I't  "11 1  t  rii:«I,  ^r»*  lll.•^t  hcuht  .i'»  »ut  \\\v  1  rntrr.  o\i.5«l.  ••!  r  m  . . 
rniiti'lfi)  in  iTiini.  Uxw  aie»I  iHistt-runU .  ■  lulJj  .1  lit;lr  ^;rr.itif  ih.ifi  «  •:•}.. 
\*nli'>?  tM*fnn<l.  x\\Txv  l"iirr«»ws  mi  rilhrr  *:ilt  .  |Mist.Ti«ir  y.wx  *??■  n^  \ 
ui.irki'il.  ih'-^t*  I  i  ntnu-m  r  at  tin-  «|i»rNa!  "ITui'*  alMiut  m.r  tK.rii  :'■  :n 
).iM-  til  fr-ini.  |i.is*.  in  .1  *  nrvr  l».n  k^^arii.  a\\*\  !';!-.iri  atr  alwun  ii;  .1^%*^ 
!'t*.Hrfn  !h**  «•.•!!  1  .4ii"i  nrti-r.*'"*!   tlu-  ^I.i'-*  i!.i.  "in    I-r.in"  h  \fr\   h?.  ».     *. 
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is  continued  for  a  short  distance  almost  transversely,  the  other  bends 
back  nearly  to  occipital  sinus  and,  with  the  main  branch,  iiartially 
encloses  a  large  oval  lobe  on  either  side,  the  lobes  [basal  lobesj  sep- 
arated by  a  space  about  one-half  width  of  glabella ;  middle  pair  of 
furrows  shallow,  curving  backwards  in  a  direction  nearly  parallel  wilh 
the  posterior  ones,  but  considerably  shorter,  anterior  pair  feebly  im- 
pressed, a  little  oblique;  occipital  sinus  a  little  convex  toward  the 
front,  shallowest  in  the  middle;  occipital  ring  [neck-lobe]  wide, 
flattened,  much  lower  than  the  plane  of  glabella.  Pigiditiin  semi- 
c-ircular,  flattened  convex,  width  double  the  length,  margin  broad  and 
slightly  concave;  axial  iobe  almost  as  wide  as  ihe  lateral  lobes, 
rounded  at  the  exiremily,  segments  10,  separated  by  well-marked 
furrows  ;  surface  thickly  studded  with  granulae,  which  arc  rather  smaller 
than  those  of  the  glabella.  Length  of  head,  Syi  lines;  greatest  width, 
7J4  lines;   length  of  pigidiiim,  6J^  lines;   width  i  inch. 

This  species  is  also  described  from  the  Lithographic  limestone 
said  to  be  of  Chemung  age,  but  it  occurs  10  in  the  Waverly  (sub- 
carboniferous)  of  Ohio,  at  Granville.  As  this  species  is  certainly  a 
Phillip^iia  the  name  was  preoccupied  by  PhiUipsia  mtssouu'ensis, 
Shumard,  from  Middle  Coal  Measnres  at  Lexington,  Mo.,  described 
in  185S,  Trans.  Acad.  Sd.,  St.  Louis. 

Phillipaia  jneramecensis,  Sl.umanl. 

'■  Pigidium  [only  portion  known]  semi-elliptical,  rather  wider!  ha  ti 
long,  very  convex;  border  moderately  narrow;  axial  lobe  not  quite  as 
wide  as  the  lateral  lobes,  and  considerably  elevated  above  them;  an- 
terior extremity  arched  ;  posterior  extremity  obtusely  rounded;  rings 
13.  convex  on  the  dorsum,  but  shallow  and  narrow  on  the  flattened 
sides;  lateral  lobes  strongly  arched  downward;  ribs  about  i  z,  indistinct, 
except  the  last  two  or  three ;  the  first  four  from  the  thoracic  margin: 
marked  by  a  shallow,  but  distinct  furrow,  which  is  situated  very  near 
the  posterior  edge  ;  furrows  between  the  ribs  rather  deeply  impressed. 
Surface  very  finely  granulose.      Length,  six  lines  ;  width,  6^   lines." 

Described  from  the  so-called  Archimedes  limestone,  in  St.  Louis 
Co.,  Mo.  There  is  nothing  characteristic  about  the  pigidium  de- 
scribed, though  it  may  be  readily  distinguished  from  the  previous  one. 


Phillipsia  misBouriensis,  Shumnnl. 
■  Pigidium  semi-e!liptica!,  elevated,  width  greater  than  length  :  t 
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face  very  finely  punctate,  punctac  rather  distant  and  arranged 

what  In  quincunx;  margin  rather  broad  and  smooch;  axial  lobe  str 
arched  transversely,  gradually  tapering,  forming  not  ijuite  foui 
the  toial  length;  its  width  equal  to  about  three-fourths  the  wir 
lateral  lobe;  rings  about  i8,  rounded  on  the  dorsum  and  flatten 
the  extremities,  transverse  furrow  narrow,  distinctly  impressed  o 
dorsum,  becoming  obsolete  before  reaching  the  longitudinal  fur 
lateral  lobes  rather  strongly  arched  transversely  ;  anterior  margi 
filiated,  apex  of  angle  elevated  and  situated  nearest  the  axial 
segments  eleven,  rounded,  curving  slightly  downwards,  not  fum 
furrows  between  the  segments  rather  deeply  impressed,  except  tl 
posterior  ones,  which  are  quite  shallow.  Length,  .68;  width 
length  of  axiji  lobe,  .5^;  width.    23. 

Such  a  description  of  a  pigidium  simply  ran  have  but  a 
value. 

PhiUi/jShl  nmjor,   Shumnril.  ^ 

Pigidium  [only  part  known)  large,  elevated,  approaching  to 
elliptical,  a  little  wider  than  long;  surface  smooth,  or  very 
jiunctuate;  outline  of  edges  sinuate,  margin  liroad,  iiarlicular 
ward  the  pasterior  extremity  ;  axial  lube  very  much  elevated,  | 
tapering,  forming  five-sixths  of  the  total  length,  not  so  wide  as  il 
era!  lobe,  rather  strongly  arched  longitudinally,  sides  with  a  I 
shallow  groove  running  their  whole  leniilh  ;  rings  23,  very  st( 
arched  from  side  to  side  to  side,  angulated  in  the  lateral  depre 
and  their  extremities  directed  obliquely  backward.  The  first  > 
from  the  front  are  very  flat  in  a  longitudinal  direction,  and  are 
rated  from  each  other  by  fine,  scarcely  impressed,  transverse  lin 
furrows.  Posterior  to  the.ie  the  furrows  are  distinctly  impressed 
extremity  of  the  lobe,  while  the  rings  become  gradually  more  roi 
on  the  dorsum,  hut  on  the  sides  they  still  continue  flattened.  L 
lobes  moderately  convex,  obtusely  angulated  in  front ;  segmeni 
round'.'d,  slightly  sinuate,  simple;  furrows  rather  strongly  impri 
except  the  two  last,  which  are  nearly  obsolete.  Width,  i.i 
length,  1. 10;  length  of  axial  lobe,  .93;  width  at  anterior  extremity. 

This  very  large  species  has  several  peculiarities  which  may 
it  possible  to  recognize  it  from  the  description.  It  is  said  to  havt 
derived  from  the  upper  coal  measures  in  Kansas. 

Meek  was  apparently  in  error  in  identifying  the  specimens  fi 


in  his  Paleoniotogy  of  Nebraska,  with  Shumard's  P.  major.  The  for- 
mer are  characterized  by  a  rather  unusual  length  of  pigidia,  while  those 
of  the  latter  are  broad,  The  pigidium  Fig.  i.  Plate  H,  of  the  Nebras- 
ka report  closely  resembles  Griffithides  obsoletiis. 


FhilJipsia  cliftor 
Pigidium  small,  semi-elliptical,  gibbous,  width  greater  than  the 
length;  axial  lobe  elevated  longitudinaliy,  gently  arched,  dorsum 
sUghtly  depressed,  width  ai  forward  extremity  about  equal  to  one  lat- 
eral lobe  exclusive  of  smooth  margin,  gradually  tapering  and  termi- 
nating in  a  blunt  point  posteriorly ;  rings  from  13  to  14,  sub-gran ulose, 
separated  by  distinctly  impressed  furrows  ;  lateral  lobes  angulaled  near 
ihe  middle,  tl.iiiened  above  and  on  the  sides,  well  defined  from  the 
margin  by  a  shallow,  but  distinct  furrow;  segments  7,  rounded,  sepa- 
tated  by  distinct  linear  sulci ;  margin  moderately  wide  and  regularly 
convex.       Length,  .  23  ;  width,  .  25  ;  hcigt,  .11;  height  of  axial  lobe. 

II  j  length,  .19. 
bl'his  is  also  from  the  upper  coal  measures  of  Kansas. 
eek 


anJ  Wonhcn 


Pkillipsia  sangamonsis.  Meek 

(Plate  V,  Fig.  13.) 

Sub-ovale;  cephalic  shield  convex,  regularly  rounded  in  front, 
^eeks  produced  into  carinated  processes  less  than  one-third  entire 
median  length  ef  head;  glabella  convex,  sub-inflated,  axtal  suture 
moderately  well  defined,  greatest  convexity  behind  the  middle,  length 
ij^  width,  sides  nearly  p.irallel ;  posterior  lobes  large,  prominent ;  sec- 
ond lateral  furrow  curved,  oblique,  anterior  furrows  nearly  obsolete  ; 
cervical  segment  and  suture  well  defined  ;  facial  suture  quite  well  de- 
fined, intersecting  posterior  margin  midway  to  angle.  Eyes  rather 
large,  half  as  long  as  glabella, exclusive  of  cervical  segment,  promi- 
nent ;  palpebral  lobes  convex,  resting  upon  the  eye  like  a  lid. 

Pigidium  semi-ellipiical.  rather  convex,  a  little  wider  than  long, 
narrow  and  rather  longer  than  head,  narrowing  posteriorly,  abruptly 
rounded  behind;  mesial  lobe  prominent,  a  little  flattened  at  each  side, 
narrower  than  the  lateral  lobes,  from  which  it  is  separated  by  a  broad 
furrow,  about  two-thirds  entire  length  of  glabella ;  lateral  lobes  less 
prominent,  abrupdy  convex  at  outer  side  ;  segments  9  or  10,  all  termi- 

S abruptly  at  the  edge  of  a  broad  marginal  zone,  which  is  widest 
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potteriorly;    surface   smooth.      Length    of    head,   medianly,    .50. 
breadth,  .65  ;  length  of  glabella,  .35;  width,  .30. 

This  species  is  said  to  be  rather  common  in  the  Western  states, 
but  It  has  not  yet  been  secured  from  Ohio. 

Phillipsia  SCitula,  Meek  and  Worihcn. 

Elliptical ;  head  semi-elliptical,  tumid,  one-third  wider  than  lon^. 
anterior  margin  rounded,  cheeks  produced  into  spine^t  extending  t<> 
fifth  thoracic  segment ;  kIaI^^Ha  broadly  rounded,  occupying  the  mar- 
gin in  front,  most  elevated  posteriorly,  axial  sutures  oImoIcIc  antrnnf' 
ly,  posterior  lateral  lolies  rather  large,  very  oblique,  lateral  IoIk -^  al- 
most ol>solete:  cervical  segment  more  prominent  than  the  ^LiIi-IIj, 
with  a  median  iul)ercle,  cervical  suture  deep;  eyes  one*hjlf  .i>  '•'n^; 
as  the  glabella  ;  |>.il))ebral  lol>es  semi  <*ircular,  convex ;  cheeks  smaU  . 
pigidium  almost  as  long  as  ]ie.id,  narrower,  me»ial  lobe  prfinimcni, 
wider  than  lateral  lolies.  l>order  wide ;  surface  granular.  Kntirr  lcn::th. 
.70;  pigidium.  20:  width  of  pigidium,  30:  length  of  heatl.  .25 
width,  .31. 

Judging  from  the  figures  and  dcsiTiptions  this  sfiertes  is  the  near- 
est approach  to  (iriflithides  yet  fouml  in  .America.     'I'he  present  c  «if 
lateral  furrows  on  the  glabella  indicate  a  member  of  I'hillip^ta.  hum 
ever,  as  the  genera  are  now  underntoood. 

i'hifliftsifi  t/ttris,    n.il'i  Wimhrll 

IIiMil  >iirronntii'«)  )i\  .m  411111%. inIK  iin  liiu-il  lMir«lrr  in.fr'ki  •!  •  ' 
.1  «li'i*|i  L:r«M»\c  iVmiii  \hf  <  ijri'kN.  y\]\u  li  .in-  |«riMiu«<'il  Mit«i  ^jiiit  -  :     •'■ 
rmrly  unt*  ihir«l  w}if»li*   li"n.ith  »»!  Iu'.hI  slm-M:  ^I.iImiI.i  ppil.itt  \    ■• 
I'lliptii  .il.  will)  I.ir^c  jMiNtrr*  1  ilrr.il  I'»Im-n,  tin-  I  iirr   !  I'lirr-.w-*  i:  ■!  •■  -    * 
pi^idiiun  semi  clliptii  al.  .ixi.il  |Mirti>'n  <  <>ii\i  \.  ilitirni'^hiTu  t"   i'-       *    '■ 
|Mimi  ;   I.ilrr.il  IoIk-s  smnr  wli.it   fi.irr'»wir,  li.  irilrn-tl  I'V  .1  sm —prfi  -i.   '^ 
n.il   artM.  .i\h  with  11    .ir(i<  iiLitinnN,  l.itrr.il  I«»!k- j  .  s-irLur  ..' -    '     . 
^jr.iliulosr. 

WiiH  hi'll  "^-ixn.  .lUii  "  iiHilflU"  t»r  llu-  lH»r«Irr  («•!   Iu'.hI  »    iii.Lfkr 
.1  ^rtMiM-  wliM  li  Tv.\*  lies  .1  |M»i!)!  ii|»|Hi-»iir  iiiir  r\c.  t"  lIu"  •  "'rrf  *;■  ■*   '•  *  * 
|Miint  Mil  thf  i*tlu*r  '«i«lr   <»f  \\\v  hr.nl.  "    w  :ih  li  MrniN  '^•niU'w  r..i!   •;  "        ■ 
t'l  iiinlrf'*!  im!.       \\w  N|»fi  ir-*  w  is  olii.iiiwi!   !'ri»in    k«»«kriir«!.  Ii;;  .." 
Wnlih  i.f   {•i^iilitiiii.    5^  .   Irn^rh.  .21. 

I  *h  ill  i/tsi  i  I   rnrkft  tnl*  uais,  ^^  mm  »i  c  1 1 
••  <\-ph.i!if   shi'.*U!  siirr<i'.iiiilril  li\  .1  Tiirr«»\%.  («inM'\  iMiriir*.  «•  ■' 
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is  bounded  internally  by  a.  narrow,  but  deep  groove,  and  terminates 
posteriorly  in  conically  tapering  genal  points.  The  principal  lobe  of 
the  glabella  is  relatively  very  large,  convex,  highest  in  ihe  middle, 
widened  anteriorly,  circularly  rounded  in  front,  and  gently  curved  on 
the  sides ;  no  glabellar  furrows  are  present.  The  complimentary  [pos- 
tero  lateral]  lobes  are  large,  oval,  and  project  laterally  farther  than  the 
main  lobe.  The  surface  of  glabella  tinely,  but  sharply  granulated  ; 
margin  finely  striated.  Size  about  as  that  of  J*,  dons.  Collected  at 
Rockford,  Indiana." 

P.  insigitis,  VVinchell,  is  closely  allied  to  P.  ineramecensis,  Shuraard, 
Not  having  access  to  the  original  description  I  can  only  gather  that 
the  head  is  armed  with  spines  "  which  reach  twice  the  length  of  the 
glabella  from  the  anterior  end,"  and  the  eyes  are  large,  while  the  pi- 
gidium  has  a  plane  margin 

P.  kaiin,  was  described  by  Mr.  Billings.  It  is  said  to  be  closely 
allied  to  the  above,  but  has  a  greater  number  of  annuli  in  the  axis  of 
the  pigidium,  which  alone  is  known. 

P.  vind&boiKHsis,  Hartt,  is  described  as  follows  : 

'■Pigidium  semi -elliptical,  very  conves;  (one  or  two  segments 
appear  to  be  wanting  frsm  the  anterior  margin  of  the  only  specimen 
seen,)  but  its  width  mast  have  been  greater  than  its  length.  Ten  or 
eleven  articulations  are  visible  on  the  side  lobes  and  twelve  of  the  axis, 
which  is  very  prominent  and  moderately  tapering.  The  axial  rings 
are  depressed,  convex,  becoming  smaller,  more  crowded,  and  more 
distant  toward  the  apex.  Ribs  on  the  side  lobes  depressed,  convex, 
decreasing  in  length,  bre.idth  and  distinctness  from  before  backward, 
while  at  the  same  time  they  become  more  and  more  inclined  backward. 
The  six  anterior  ribs  preserved  show  a  distinctly  marked  groove,  origi- 
nating on  the  posterior  margin  at  about  one-third  the  length  of  the  rib 
from  the  axis,  and  running  obliquely,  increasing  in  depth  to  the  end 
of  the  rib.  Smooth  border  none,  or  extremely  narrow  at  the  anterior 
angles,  but  becoming  three-fifths  the  width  of  the  axis  near  the  poste- 
rior part  of  the  pigidium,  which  is  not  visible  in  the  only  specimen  I 
have  examined." 

We  have  here,  therefore,  a  species  described  from  a  fragment  of 
a  pigidium,  exhibiting  neither  end  and  nothing  else  of  importance, 
an  example  of  puerility  too  often  followed. 
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Phillipsia,  triniicleata,  n-  sp. 

A  considerable  number  of  specimens  have  been  collected  whic^^' 
were  at  first  supposed  to  he  P.  sangamonensis,  but  are  evidently  qui-^Ki' 
distinct  from  any  described  species.  It  is  not  absolutely  certain  thja=i 
the  cheek  spine  belongs  to  the  same  species  as  the  glabella  and  pigid^fc 
with  which  it  was  associated,  yet  the  circumstances  render  it  hight  \ 
probable.  ' 

The  glabella  presents  the  most  distinctive  features.  It  is  considet^^ss 
bly  longer  than  wide  and  quite  convex,  the  greatest  height  being  posl^^^ 
rior  to  the  middle.  An'erior  depressed  margin  rather  narrow  in  fron-^^W 
expanded  laterally  ;  "sides  nearly  straight  or  somewhat  concave  ne^^^ 
the  eyes;  iMJStero-laiera!  lobes  very  sharply  defined,  conical,  obliqu^^^ 
with  a  second  smaller  pair  in  front  of  them,  and  a  very  faintly  ou^ 
hned  second  pair  i^tiU  farther  forwaid;  between  the  posCero-later^^ss 
lobes  a  sharply  defined,  prominent,  median  elevation,  almost  as  lari^^= 
as  the  others;  cervical  segment  convex,  high,  ofien  with  a  single  m^^"" 
dian  tubercle.  The  surface  of  the  glabella  is  minutely  ornamenti: — =^ 
and  on  either  side  in  front  of  the  eyes  is  an  oval  pit  which  has  l«e?= 
thought  by  some  [o  represent  the  insertion  of  the  antenna  or  organ  ^^^ 

The  eyes  are  large  and  supported  by  a  prominent  palpebrars^- 
lobe,     A  single  movable  cheek  has  been   found.     The  margin  is  o^» 
liquety  inclined,  forming  a  prominent  angle  at  its  union  with  the  face==^ 
middle  of  rheek  depressed  and  marked  with  an  impressed  line  ; 
produced  into  a  spine  as  long  as  the  whole  remainder  of  the  cheeks 
length  of  cheek,  .77  (the  spine,  .35);  length  of  eye,  .ir,      Pigidia 
not  rare  and  are  very  convex,  the  median   lobe  especially  being  1: 
vex  from  side  to  side  and   ]>articularly  prominent  posteriorly, 
median  lobe  occupies  one-third  or  less  the  width  of  the  pigidium  pi 
imally  and  tapers  gradually,  forming  a  jiortion  of  a  regular  truncal*'  '^ 
cone  :  on  either  side  an  impressed  line  marking  off  an  accessory  por"^ 
tion ;    a\ial    segments    1719;   lateral   lobes  convex;    plurx  flalteneC^^ 
slightly  above,  separated  by  very  deep  sutures;  margin  broad,  longi      -* 
tudinally  striate,  abruptly  deflexed  ;  ribs  9-12.     Length  of  pigidium       •* 
.35;  width.  .45,  length  of  axial  lobe,  .27.      .*\nother  individual,  length. 
,48.  width,  .56,  axial   lobe,  width,  .20,  length,  40.     The  pigidium  vs^  - 
generally,  if  not  always  ornamented  by  minute  pistules  on  the  summits=^^ 
of  the  segments  which  are  borne  on  the  top  of  a  slightly  elevated,  fiac:      " 
tened  ridge  forming  the  axis  of  the  annuli. 
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PLATE   I. 

(Figures,  unless  otherwise  indicated,  natural  size.) 

Fig.  I.  Entolium  aviculatum,  Swallow^  left  valve. 

Fig.  2.  Right  valve  of  the  same — p.  23. 

Fig.  3.  Aviculopecten  ? 

Fig.  4.  Aviculopecten  coxanus,  M.  and  W, 

Fig.  5.  Aviculopecten  hertzeri,  Meek^  or  related  species — p.  25. 

Fig.  6.  Aviculopecten  sp? — p.  27. 

Fig.  8.  Aviculopecten  scalaris,Z^<rr//ir^— p.  26. 

Fig.  9- 

Fig.  10.   Aviculopecten  hertzeri,  Meek — p.  25. 

Lig.  II.  Entolium  attenuatum,  Herrick — p.  24. 

Fig.  13.  Martinia  planoconvexa,  Sih — p.  46. 

Fig.  13.  a,  b,  c.     Martinia  lineata,  Martin — p.  46. 

Fig.  14.  Stricklandia  ?  subquadrata,  Herrick — p.  49. 

Fig.  16.  a,  b,  c.       Athyris  subtilita  ?? — cf.    Pal.    Neb.    Plate  I, 

12. 

Fig.  17.  Aviculopecten  coxanus,  M.  and  \V, — p.  26. 

Fig.  18.  Athyris  subtilita.  Hall — p.  44. 

Fig.  19.  Solen  sp. — p.  38. 

Fig.  20.  Aviculopinna  americana,  Aleck — p.  38. 

Fig.  21.  Ostracode  crustacean  ?  a  single  valve. 

Fig.  22.  Allorisma  sp? 

Fig.  23.  Phillipsia  trinucleata,  Herrick, 

Fig.  24.  Productus  sp.     Small  individual. 

PLATE  IL 

Fig.  I.     Bellerophon  montfortianus,  N.  and  P. — p.  19. 
Fig.  2.     Macrocheilus  planus? — p.  21. 

Fig-  3- 

Fig.  4  and  5.   Euomphalus  sp. — p.  22. 

Fig.  6.     Spirifer  sp. 

Fig.  7.     Bellerophon  subcordiformis,  Herrick — p.  iS. 

Fig.  8.     Discina  Meekana,   Whitfield,  with  shell  partly  preserved. 

Fig.  9.     Under  valve  of  same  ? 

Fig.  10.   Orbiculoidea?  sp.     Incorrectly  drawn,  the  outline  is  not 

^^rcular,  but  somewhat  elliptical.     Very  likely  the  same  species  figured 
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nol  named  by  MeeV.iii  Paleontology  of  Nebraska,  Plate  IV,  Fig - 

Figs,  II  and  13.    Pleiirotomana  sp. 

Fig.  II.  Belleroplion  decussatus,  /^iemingf—p.  19, 

Fig.   14.  BcUerophon  percarinatus,  Con: — p    17. 

Fig.  15.  Polyphetuopsis  inornata,  M.  and  W. — p.  20. 

Fig.  16.  Macrocheilus  medialis,  Af.  and  W. — p.  si. 

Fig.  17.  Nautilus  sp.^p.  17, 

Fig.  18.  Pleurotomaria  newporieosis,  IVhile — p   21. 

Fig.  19.  Hemiphronites  crassus,  M.  and  H. — p.  50. 

Fig.  20.  Bellerophon  carbonarius.  Cox — p.  10, 

Fig.  3  1.  Zaphrentis,  sp. 

Fig.  22.  Spirifer  camcrata,  Morten— \i.  45. 

Fig,  33,  Spirifer  opima,  Hail — p.  44. 

Fig.  24.  Spirifer  striata  ? 

Figs.  25,  27,  2S.  Productos  longispinus,  Sojverby—\>.  48. 

Fig.  26.  Prodiiaiis  cora.  Omv»— p.  47. 

Fig.  29.  ProdiictuH  punciaius,  Martin — p.  48. 

Fig.  30.  Productus  iiebrascensts.  Oit'tn — p.  49. 

Fig.  31.  Productus  sp. 

Fig,  32.  Phillipsia  triniideata,  JItrri(k.  decorticated  glabella. 

Fig-  33-  Dalraanites?  cuyahogas,  Claypok,  pigidium. 

Fig.  34.  Unidentified  gasteropod. 

PL.Vrii    III. 


Fig.  I. 
Fig.  2. 
F'g-  3. 
Fig.  4, 

Fig.  6. 

Fig.  7. 

Fig.  8.     Sol 

Fig.  9.     Cre 

Fig.  9a.   (ne 
sion  of  liinge  lim 

Fig,  10.   Outline  of  Entolium  aviciilaliim  as  found  at  Fli 
Two  valves  in  position,  showing  su])posed  relation. 

Fig.  II.   Clinopistha  radiata,  Hail — p.  34. 

Fig.  12.    Gervillia  (.^vicub)  ohioense,  Herrkk—\,.  36. 


Bellerophon  nodocarinatus,  Jfall—p.  18. 
Brachymetoi)svis  lodiensis,  Meek. 
Ciriffithides  glaber,   Wi/i/ji:'. —restored. 
Phillipsia  scnbra,    Wiwd7i: 
AUorisma  costata,  Af.  and  IV. — p.  33. 
Solenomya  subradiata,  Hirrick — p.  30. 

ipecten  foerstii,  Hirrick,  both  valves  ofthe  same  shell 
the  centre  of  the  plate)  cast  of  same  with  impres— - 

t  Ridge. 
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Fig.  13.  Aviculopecten  carboniferus.     (Accidentally  omitted  from 
list.) 

Fig.  14.  Schizodiis  (?)  spellmani,  Herrick — p.  42, 

^ig-  '5-  Schizodus  wheeleri,  Swallow — p.  42. 

Fig.  16.  Aviculopecten  sorer,  Herrick — p.  27. 

Fig.  17.  Edmondia  sp?— p.  38. 

Fig.  18.  Aviculopecten? — p.  25. 

Fig.  19.  Discina  convexa,  5^1/;//,  (/)     Omitted  from  list. 

Fig.  20.  Aviculopecten  sp? — above  No.  19. 

Fig.  21.  Phillipsia  trinucleata,  Herrick, 

PLATE  IV. 
Fig.  I,  2.  Allorisma  subcuneata,  M.  and  H,  —  ^.  35. 
Figr  3.     Prothyris  elegans,  Meek — p.  38. 
Fig.  6.      Myalina  swallovi,  AlcChesney — p.  37. 

Fig.  7. 

Fig.  8. 

Fig.  9.  SDlenoinya  ?  meekana,  Herrick — p.  30. 

Fig.  10.  Solenomya  anodontoides,  Meek — p.  29. 

Fig.  II.  Placunopsis  recticardinalis,  Ji^d*/^ — p   43. 

Fig.  12.  Myalina? 

Fig.  13.  Gervillia  (Avicula)  ohioense,  Herrick — p.  36. 

Fig.  14.  Macrodon  carbonaria,  Cox? — p.  32. 

Fig.  15.  Pleurophorus  tropidophorus,  Meek — p.  35. 

Fig.  16.  Pleurophorus  subcostatus,  AT.  and  W. — p.  35. 

Figs.  17,  18.  Cypricardina  carbonaria,  Meek — p.  35. 

F'ig.  19.  Macrodon  obsoletus,  Me^^k — p.  31. 

Fig.  20.  Myalina  sp. 

Fig.  21.  Macrodon  carbonaria,  Cox — p.  32. 

Y'lg.  22.  Schizodus  affinis,  Herrick. 

Fig.  23.  Schizodus  cuneatus,  Meek?--i^,  32. 

Fig.  24.  Schizodus  subcircularis,  Herrick. 

Fig.  25.  Lima  retifera,  Shumard — p.  29. 

Fig.  26.  Nuculana  bellistriata,  Stevens — p.  40. 

Fig.  27.  Allorisma  geinitzi,  Meek — p.  53, 

Fig,  28.  Allorisma  costata.  M.  and  ]V. — p.  33. 

Fig.  30.  (Specimen  mislaid.) 

Fig.  31.  Astartella  varica,  McChesrey — p.  39. 

F'ig.  32.  Microdon  subelliptica,  Hall — p.  40. 

^^g-  33-  Astartella  newberryi,  Meek — p.  39. 

Fig.  34.  Unidentified. 
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PLATE  V. 


Fig.  1.     Allonsma? 

Fig.  3.     Orlhoceras  cribrosum,  Getnilz — p.  17. 
Fig.  3.      Lima  retifera,  Fhumari — p.  19. 
Fig.  4.     Myalina  subquadrata ?  (cf.  M.  recurvi rostra.) 
Fig.  5.      Euomphalus  sp— p.  22. 
Fig.  6,      Bellerophon  crassiis.  .1/  and  W.-\>.  22 
Fig,  7.     Bellerophon  marcouianus,  Geiniti—p.  to. 
Fig.  S.     Bellerophon  montfortianus,  N.  and  P.^p.  19 
Figs.  9  and  10.   Outlines  of  targe  plates,  apparently  part  af  l»  ■^ 
armor  of  fishes,  one-half  natural  size. 

F'g.  11,  Phillipsia  swallovi,  ShuirmrJ. 

Fig.  12.    Phillipsia  leei,  iVoodii: 

Fig.  ij.    Phillipsia  sangamoncnsis,  ,1/.  and  !V.  head. 

PLATE  VL 
GrifRthides  globiceps,  PkiUips. 
Griffithides  longispinus,  Poriiock. 
Fig.  3.     Griffithides  longiscepa,  P»rthek. 
Fig.  4.     Griffithides  seminiferus,  Phillips. 
Fig.  5.     Griffithides  moriceps,   IVoodward. 
Fig.  6.      Phillipsia  gemmiilifLTa,  Phillips. 
Fig.  7,      Phillipsia  tnincaiula,  Phillips. 

Phillipsia  eichwaldi,  var.  miicronata,  McCoy. 
Griffithides  acanthiceps,    //  ooiiivard. 
Phillipsia  colei,  M^Coy,  iia,  hypostome. 
Fig.  12.   Phillipsia  derbietisis,  .l/nr/Zw, 
Fig.  13.   Griffithides  roemeri,  Mviiler. 
Fig.  14.    llrachyiiieto]jiis  ouraliciis,  De  Verntail. 
Fig.  15.  Griffithides  gnienewaldli,  Modler. 
I.    lirathymetopiis  maccoyi,  Portlock. 
■.   (Jriffiihides  calcaratus.  M(Coy. 

figures  are  mostly  reduced  from  Woodward's  monograph  -'- 
nodificatiuns. 


APPENDIX  II. 

Since  the  preceding  synopsis  of  Trilobites  was  put  in  lype,  a  fine 
specimen  of  PhiHipsia  shumardi,  {missounensis,  Shumart!, )  was  found 
in  the  Waverly,  south  of  Granville,  by  W.  F.  Cooper,  which  makes  it 
possible  for  us  to  complete  the  description  quoted  on  page  58,  and  to 
correct  a  few  minor  inaccuracies.  This  identification,  which  cai» 
hardly  be  open  10  the  slightest  question,  will  throw  additional  light  on 
*"^  position  of  the  Lithographic  limestone  of  Missouri. 

PhilUpsia  shumardi,  Hemek 

{Plate  VII,  Kig.  14.) 

"'"o^tui   missQuriemii,    Shum.,    Geol,    Surv.    Mis.souri,   p.   196.     (See 

ante,  p.  58.) 

The  description  following  is  based  upon  an  entire  and  nearly  per- 

^*^t    specimen  from  the  Waverly  freestone  at  Granville,  O.: 

General   form  elongate,  oblong  elliptical,  axial  portions  strongly 

elevated;  outline  of  head  somewhat  parabolic,  nearly  twice  as  broad 

*^  3-Xial  length.     Head  shield  very  high  axially,  the  height  of  the  gla- 

^^'la  being  considerably  more  than  one-fourth  the  entire  width  of  the- 

^a«i  shield  ;  cheeks  produced  into  spines  reaching  about  to  the  third 

^*^*"acic  segment.     The  glabella  is  short  and  broadly  rounded   anteri- 

""'V,   margin  in  front  thickened  to  form  a  high  mural  ridge  or  lip  sepa- 

^*&*3  from  the  prominent  frontal  portion  by  a  deep  sulcus  ;  axial  por- 

'^'^   about  one-third  as  wide  as  the  entire  head  shield  and  .scarcely  ex- 

P^t^ded  anteriorly,  marked  by  three  lateral  sulci.     The  basal  (postero- 

*^ral)  lobes  are  large  and  oblique,  separated  by  an  interval  equalling 

*»Out  half  the  width  of  glabella.     The  sulcus  anterior  to  the  lobes  has 

*  slight  tendency  to  bifurcate  and  the  two  in  front  of  it  are  faint  and 

I  ^s     oblique.     The    palpebral   lolies    are    very  large.      The   cervical 

I        BToove  is  deep  and  abrupt  and  the  cervical  segment  does  not  rise  tt> 

■        iQe  igyj.]  of  [j^g  median  axial  portion.       The  cheeks  are  extensive  and 

I         ^^cline  greatly  to  a  submarginal  groove.      The  spine  is  of  moderate 
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length  and  ihc  margin  is  greatly  rounded  and  exhibits  (sub-epiderma'?) 
striations.  The  eyes  are  uo fortunately  destroyed  in  all  specimens  seen, 
but  evidently  were  large.  The  suture  separating  the  fixed  cheeks  's 
also  obhterated,  but  its  position  is  approximately  indicated  in  our 
figure. 

The  thorax  consists  of  ten  distinctly  separated  segments.     T"1ik 
axial  portion  is  high  and  evenly  convex  and  the  lateral  portions  slk 
rather  abruptly  flexed  near  the  middle  of  their  width  and  the  jjIux"* 
arc  higli  and  convex,  not  sulcate.      The  pigidium  is  one  third  wici*' 
than  long  ( Shumard's  specimen  was  a  fragment)  and  the  postcro-late  ril 
outline  is  a  perfect  arc  of  a  circle,  whose  centre  lies  axially  about  f»«jr- 
fifths  its  length  from  the  posterior  extremity  of  the  pigidium.     't~li* 
axial  portion  is  high  and  tumidly  conical  and  rather  obtuse,  the  nm  ^'^ 
ginal  sulci  being  rather  deep.     The  pleural  portions  are  convex  m-  "*o 
descend  rapidly  peripherally  to  the  plane  of  the  wide,  convex,  srao«c:^th 
border  which  is  unmarked  or  ornamented   with  concentric  striaiio  ^^■ 
The  axial  segments  are  ten  or  eleven  and  are  not  sulcaie,  while  -^Khe 
eight  or  nine  pleural  ribs  are  distant  and  prominent  and  bifurcate         '"' 
ward  the  outer  end.      Entire  length,  i.So;  width,  i.oo;  axial  '""r^~"^ 
of  head.    .50;  entire  length,    .85;    length   of   pigidium,   .70;    wic=d''^ 
of  pigidium,    i.oo;  width   of  axial  lobe  of  pigidium,  .35;  width  °^ 

axial  lobe  of  thorax  anteriorly,  .40. 

Shumard's  statement  that  the  margin  of  the  pigidium  is  conca — '  ^'^t 
was  due  to  the  exfoliation  of  that  portion  of  the  specimen.  Seve-rr^ril 
of  our  s])eciniens  are  in  the  same  state  of  preservation. 


sight 
the  ] 
Fig- 


XoTF-.—P/iillipsia  mptka,  &I.  and  W.  which,  by  a  c 

litted  from  our  list,  is  much  more  like  P.  swallovi  tte"^^" 
pecies.      Refer  to   Pal.  Ill,  vol.  Ill,  p.   460;  Plate   =*4, 


APPENDIX  III.     Flint  Ridge  Bryozoa. 

BY    A.    F.    FOERSTE. 

The  following  bryozoa,  from  Flint  Ridge  and  the  equivalent  strata 
at  Bald  Hill,  are  the  result  of  several  days'  collecting  at  each  locality. 
Considering  the  wealth  of  bryozoa  in  the  Carboniferous  formations  of 
America,  the  literature  is  scanty  and  frequently  very  unsatisfactory. 
Hiram  A.  Prout  described  about  thirty- five  species  in  the  Trans.  St 
Louis   Acad.  Sci.,  from  1858  to  i860.     James  Hall  described  about 
eight  species,  in  the  Proc.  Am.  Ass'n.    Adv.  Sci.  in  1S57,  and  three 
species  in  the  Geo.  Rep.  of  Iowa,  in   1858.     F.  B.  Meek,  alone  and 
in  conjunction  with  Worthen,  published  about  nine  species.       Romin- 
ger,  Dawson,  Geinitz,  White,  Nicholson,  and  Swallow  have  each  added 
one  or  more  species  at  various  times.     To  these,  E.  O.  Ulrich  has 
added  about  eighteen  species  in  his  American  Paleozoic  Bryozoa,  pub- 
lished from  1882  to  1884.     To  these  publications  of  Mr.  Ulrich  I  am 
greatly  indebted,  as  will  appear  throughout  the  following  notes.     Until 
some  of  the  species  published  by  Prout  and  others  are  better  under- 
stood, the  work  on  Carboniferous  bryozoa  will  remain  rather  unsatis- 
factory.    It  is  hoped  that  the  following  notes  will  at  least  not  further 
involve  this  subject. 

RHABDOMESONTID.^.,  Vine. 

Ramose  bryozoa ;  cells  radiating  in  all  directions  from  the  central 
axis,  of  one  kind  only,  tubular,  with  an  expanded  aperture,  and  an 
angular  immature  region. 

Genus  RHOMBOPORA,  Meek. 

Branches  slender ;  cells  radiating  from  an  imaginary  central  axis; 
aperture  oval,  placed  at  the  bottom  of  concave,  rhomboidal  or  hexag- 
onal **  vestibules,"  the  latter  separated  by  spines,  frequently  arranged 
in  one  or  more  rows  along  the  dividing  ridges. 
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I.      RHOMBOPORA  MULTIPORA,   sp.    If. 

(PhU  VII,  Fig.  1,  tf,  *,  c) 

Branches  doubtlessly  dividing ;  in  a  length  of  25  mm.  no  such 
division  has  taken  place,  but  traces  in  the  rock  about  10  mm.  Iicyond 
seem  to  indicate  that  some  method  of  branching  has  mrturrcd. 
Branches  of  medium  size,  1.4  mm.  wide.  Cells  arranged  in  dij^onal 
intersecting  and  in  longitudinal  rows;  at  least  7  cells  are  rcumtl  m  a 
distance  of  2  mm.  in  the  vertical  rows,  and  about  9  cells  m  the 
same  distance  in  the  diagonal  series.  About  20  longicudinal  rnw%  sur- 
round the  stem.  Mature  region  of  the  cells  short,  strongly  dcHcctctl 
laterally,  but  not  reaching  the  surface  at  right  angles  to  the  sanu- ;  im 
mature  region  much  longer,  de|>arting  from  the  centre  of  the  liranch 
at  a  low  angle,  suddenly  bending  into  the  mature  fKNiion.  'I  hr  \x>\\ 
bule  in  well  preserved  regions  has  sloping  sides  and  an  hcxa^^itiial  o\j! 
outline;  the  ridgCK  separating  the  cells  arc  rather  narrow  an<l  xtt-  •  "% 
ered  with  low,  indistinct  <:loscly  arranged  granules,  whii  I1  «!<•  n-r 
seem  to  lie  arranged  in  well  defined  rows,  xs  in  other  sIlel'ie^  of  th  « 
genus;  in  worn  portions  of  the  s|>ccimen  the  ridges  seem  l>r<i.i«tcr  jr.-i 
lower,  and  the  granules  are  indistinct,  and  scattereil.  'r<i».ir«!x  \\.k 
base  the  vestibule  is  more  inclined,  len^ithening  its  outline:  .it  'ir  i  .«: 
within  \\^  Inrtlrr  \\\v\v  i-  frr«jiifM!lv  .1  !•»«.  miinilnl  tpm!.-.  ii-.'\ 
It  Mikr<! . 

Iriifii   111"-*  -:■•.'«  It -s  m|'  till-  .jrn.i'.  tli:-  \y\\\\\  \\\  \\   !■••  r    n!-  •. 
^ijiihiil  l-v   lh«-  '!/«   "I  ill'-  i'r.!ii'  lir^  iiii!  !*..   iii'irr  ihiIih  r  ■  .'.  •  ■  '.. 
irf'i.i''.:-  n.h':J  .t,  Muk.  Ii.i-  l-riii"  in  -  1.7;    !••   ;  111:11    u.-!«-.    ir-  ■;.   .    ; 
r*  5  1  ..  IIn  .,.  1    jj.\   r III-  .•'..!    ,  .'■  !■•.%  ■.  I   •.'.:_    .  -r  iIuL.t-I  !•  t.^:\     ■    • 
A'/>    ,.•./>'/.    (\'ft.'':,  !i.i^  l-r  iiH  !n  s    *  ;    t"   ;.  ;  in:n     v\:<ii   .    tr-'!!    • 

111! •.■.\i\   i!i«-    iii-i.  jji     I'lw-        A''),  f''  f  :f»:i::^.    l\H.f'i.  \\\- 

^.s  Mjni    \i  .<!«•  .    J  J  •  flU  «#•  •  .j  \    till    \  I  I : .■  il  T" A  •*.  .111*!  -^  '  <  i  •  ' 

Ii«|i:'    iiiW"*  A''/,  /".v/. '.f'./i/.    (  tfi.'t.  ii  I-  li'M    '  iiiif  !in  .t-.jmii'  ■.' • 

\a<  A''.'     trnit/t,    (\'f:,f:.   iw    iMt:Mii''>    |"l''i;-    •.'.vl-'I\    \\         •    • 

tf,»    !  ,  :  *  A  ■ ',  .:" "  1  11  j;   ;  I  .  i  - j  V  rij-    \  t  r:  •  »!  r  -^  -.  .iii-j  -;  ;  ■        -  ■ 

•  i!'..-,  :       z-'W^.         A*v.  t'U'  infu.'xl,    f\f:.fi,   ij  »-    i-l  I'l-  '':•■>■    2   ;     li.:. 
Ir  ■;!!     ;    '• '    I  •  r!I^  ■  -•  .    .j.\   :  ,1    •.■::•     !    :    w  •,    ii.i!  .il:ij  ■-';••;  >    • 
.1^  .•.  I    •    .\  .        A";.    ll\ff':.*::.    l\*i.h,  '.  i     "  ■!  ii.« '.t-.  tr.-ni   1    ;  '      ; 

w  lil'  .   '>  '  ■    ! :  j'V  llif  \  tr  til  ..1  r  ■•*  -•,    ii  •!  .■!*iii"»i  •;  •  i  1;,  ;Ju 

r<t\%  >. 

1   .      r  ■   .T-  -t    \.\\  •  !    t'l:.    -^j.i*  It  «.  .ii  '  X*'  ::.  .1    !r.i!:.ri  ■»  -i  i:..-  : 
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Upidodendroidta.  Mecrk,  From  this  it  may  be  distinguished  by 
the  following  characteristics.  The  mature  region  of  the  cells  appears 
more  abruptly  inclined  to  the  immature  region  of  the  cells ;  ihe  ridges 
between  the  cells  are  covered  with  smaller  and  more  numerous  gran- 
ules, these  are  also  present  on  the  slopes  of  the  vestibules,  and  are  not 
arranged  in  such  well  defined  rows  as  in  the  other  species.  Meek  in 
his  description  of  the  type  specimens  givfes  the  following  measure- 
ments: number  of  cells  in  .a  inch,  measuring  longitudinally,  12; 
number  of  cells  in  .05  inch  measuring  in  the  direction  of  the  oblique 
rows,  4.  We  have  specimens  from  Kansas  City  which  agree  very 
well  with  these  measurements.  The  Ohio  specimens  on  the  other  hand 
present  the  following  measurements:  number  of  cells  in  .z  inch, 
measuring  longitudinally,  17  ;  number  of  cells  in  .05  inch,  measuring 
ID  the  direction  of  the  oblique  rows,  6. 

Rare  at  Flint  Ridge.      {Maltipoia  many  pores  or  cells.) 


^ 


{PialeXU,  Fig  3  a.  b.) 


Zoarium  branching,  branches  uboui  t  mm,  wide,  or  .slightly  less. 
Cells   arranged  in    diagonal    intersecting    and    in  longitudinal  series. 
Longitudinally,  6  ceils  occupy  a  length   of  2  mm  ;  about  13  longitudi- 
nal  series  surround  the  stem.      Vestibule  elongated,  smooth,  sharply 
distinguished  from  the  iniermedinte  granule- bearing  ridges.     Granules 
strong,  readily  seen  even  under  a  low  magnifying  power,  arranged   in 
one,  two,  or  even  three  rows  along  the  ridges.     At  one  end   of  [he 
Vestibule  a  low  node  is  frequently  seen.     The  thin,  immature  portion 
of  the  cells  curves  gradually  outward  into  the  mature  portion,  where 
the  curvature  Is  increased  and  the  walls  become  decidedly  thickened. 
The  stems  branch  ai  intervals  varying  from  15  to  25  mm. 

From  the  western  forms  of  this  species  which  we  have  seen,  the 
*rihio  specimens  show  several  variations.  The  branches  are  much  nar- 
■•"^iwer,  and  instead  of  4  cells,  5  cells  may  be  counted  in  a  distance  of 
—  «3_:;  inch.  The  vestibules  also  .ippear  more  elongated.  However  the 
■•^cl  that  the  branches  are  narrower  would  perhaps  be  sufficient  to  ac- 
^iounl  for  the  other  variations.  Its  wide  geographical  distribution  is 
^Iso  of  interest  in  this  connection.  Meek  mentions  the  species  from 
>Jebraska,  Kansas.  Iowa.  Missouri,  an.l    Illinois,      In  species  of  wide 
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distriliutiiin   wc  nrc  arruHloincrl   to  look  for  ranatinns,  and  our   i 
ntcn«  arc  probably  the  smallrf  sixcd  form  of  the  ume. 
Mini  Ridge  and  ItaUl  Hill.      Kathrr  common. 

III.      Rmombopor*         ■■   -  ' 
(Jtatr  VII,  Fig.  5.  «,  i,  f.) 

A  iyji|[tnent  showing  the  »a.inc  iDtmul  feaium  u  the  lut 
belongs  lu  the  umc  !»[ic(.*ies.       About  6  celU  arr  fiiuiM]  in  a 
1  mm.  in   the  lonfptudinal  serin,  ami   abimt  I!   rclft   in  the   HHW 
tance  in  the  diagonal  Mmn.      'I'hc  apcrtum  arv  dcodrdly 
the   ridgn  bear  rounded   nodes  at  their  intCTKClioDt  Ukd  ihow  t*M 
iTocei.  of  low  granules  between  the  cclb.     They  recall  (tronfty  Mcck'> 
fl[[um  of  the  type  Kpecimemi.      Iltey  Kctn  to  lu  to  owe  their  taore  il»- 
cidrdly  rhomlwiil  character  pMtly  (u  the  rflcctt  of  esfoliatioa  of 
outer  cnM. 

cvsroincTvoNio.t:.  ririch. 

Frond  eompined  iil  two  or  mure  taym  of  relU.  united  along  ihdt 
epithecal   nieiDbrane«.       1'iibular  relU  with  veriHal   fold*  m  todrn 
tioni,  the  renuin*  of  the  cTew.-eai  thaped  lip.     Inleruilial  tpncn  < 
cupied  by  veucular  tbsue,  not  vniMe  M  the  •urfoce. 

v.fHvy  <:vs^roi)iri-v.A.  rinch. 

Frund  iiompotril  of  two  evil  layefv  branches  i^ompre^wd.  di«i 
tng  dichmoiDiiutly,  with  iharp,  ncMiporifrriiun  margin*.  Cell*  arraac 
in  diagonal  inteneciing  lericx  with  more  or  le**  oiarlied  kuigiitKhi 
■erietu  Intenitlial  (.-HI*  arrai^[ed  in  tongiliKltnal  *tne%,  aftgnltr;  < 
rangement  rncmr  or  lew  disturbed  about  the  cell* 

IV.     Cv«tTH>in(r*  ritRBowARtA.   Mftk. 
{Plait  VM.  Ftg.  i.-.Kt) 

Piflodktra    (Stkwporal   caibuoaru.   Hc*h .    froc.    Aod.    Nm.    fc*.   n 
XXIII  .  p.  iM.  Okk.  M.  V.J.  ir.  p.  ij8 

Frond*  diriding  dichotooKHHly  at  interval*  from  <;  10  ■$  m 
branche*  very  thin.  non-|toriferou*  mantin  narrow,  (rkkkK  or  i*n 
with  faint  •inationi.  Branche*  4  to  4. 7  mm  wide,  with  9  to  1 1  koii 
ludtnal  raw*  of  cell«  t'clb  arrangeil  in  diagonal  inirt«e«iing  km 
t  or  Ikm  curved  UteraDy  aixl  uimetimr*  ■rpBmieil  tbcrc  by  lai 
Single  undulatinc 
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longitudinally  between  the  cell  rows.       Cells,  five  in  a  length  of  2  mm, 
seven  to  eight  rows  m  the  same  distance  in  width. 

Meek  especially  mentions  the  absence  of  strialions,  but  the  spe- 
cies is  very  common  at  the  locality  he  mentions,  "Newark,  Ohio, 
Coal-measures,"  namely.  Bald  Hill,  and  well  preserved  specimens,  es- 
peciall)  clear  impressions,  readily  show  the  faint  undulating  striie  other- 
wise overlooked. 

C.  liwata,  Ulrick,  has  a  marked  longitudinal  arrangement  of  cells. 
with  marked  longitudinal  ridges  extending  between  the  cell  rows. 
The  cells  are  also  fewer  in  number. 

C.  oictUtUa,  UtrUh\  has  the  diagonal  series  of  cells  more   curved 
laterally  and  the  separating  furrows  more  marked,  forming  a  distinct 
feature  of  specitic  value.     The  branches  are  also  wider, 
^^_      Common  at  Bald  Hill. 

WM  r.ENL-s.   PRISMOPORA,    Hall. 

■  "  Fronds  composed  of  three  cell  layers,  hence  triangular,  dividing 
("  dichotomously,"  Ulrlch,  andj  trichotomously  ;  sides  frequently  une- 
qual, concave,  margin  often  serrated.  Cells  in  oblique  intersecting 
rows,  approaching  the  margins  in  the  serrations,  distant  from  the  same 
along  the  indented  area.  Interstitial  cells  in  the  form  of  vesicular 
tissue,  not  visible  at  the  surface. 

V.     Prismopoha  scbeata,  Metk. 
{Plate  VII,  Fig.  6.  a,  b,  e.) 

I'lilodktya  fSticlopora)  setealii.  Meek,  1S7S,  Otiio.  Pal.  Vol.  II,  p,  li^. 
<Zt.  Plilodietya  Irianeulala.  1S78,  While,  Vtoc.  Aciid,  Nal.  Sci.  Phil.  p.  35, 

PtiloOiL-lya  trianeulnu,  1H79,  W>'<e.  P"'    PaperE,  No.  XI,  p.  114. 

Plilodietya  Eriangulaia,   i8$i,   While,   Appendix,   Rep.   o!  toolh   Meridian, 
p.  XXIV. 

Plilodiclya  Iriangulala,  1883,  White,  Conlrib.  to  Invert.  Pal.  p.  131.. 

Prinnopora  lerrulaia,  1SS4.  Ulrich,  Am,  Pai.  Bryoioa,  p.  41. 

Zoarium  dividing;  dichotomous  branching  alone  observed,  but 
since  the  specimens  are  mostly  in  casts  and  never  free,  it  can  not  be 
<letennined  with  certainty  that  there  was  not  a  third  branch.  Speci- 
mens from  Danville,  Illinois,  found  free,  are  all  trichotomously  di- 
-vided  as  far  as  we  have  observed.  Branches  triangular ;  the  sides 
sometimes  very  irregular.  The  sides  are  concave,  concavity  variable, 
although  always  distinct.       The  three  edges  are  all  sharp  and  serrated 
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with  wavy  margins.  The  me  of  the  terrationi  extremely 
some  of  the  most  prominent  seen  being  1.4  mm.  wide,  4  serrations 
taking  up  a  length  of  9  mm.  Cell  apertures  distinctly  lipped  on  one 
side,  the  lips  not  directed  in  definite  related  directions  as  far  as  known; 
the  apertures  are  not  arranged  in  well  defined  lines,  however,  lomc 
arrangement  can  always  be  discovered.  Usually  thb  consists  in  a  div 
position  of  the  cell  apertures  in  oblique  intersecting  lines  acrifs%  the 
sides  of  the  branches ;  one  of  these  oblique  series  can  usually  lie  readi- 
ly seen,  the  other  set  are  sometimes  imperfectly  de%'eloped:  when 
these  oblique  series  are  both  well  developed,  longitudinal  scries  are 
necessarily  present,  although  even  in  that  case  these  longitudinal  linn 
run  somewhat  diagonally  along  the  stem.  In  other  words,  diai^unal 
rather  than  longitudinal  arrangement  pre%*ails.  In  the  serrations  the 
cells  arc  always  more  compactly  arranged.  Along  the  indented  |Mjr- 
tions,  however,  there  is  always  a  crescentic  s|ia<'e,  variable  in  ^i/c, 
along  which  there  are  no  rells,  the  margin  is  therefore  inicrrujitciiU 
celluliferous.  As  may  lie  imagined  from  some  of  the  remarks  .iUi%c. 
the  numlnrr  of  cells  is  variable.  In  one  specimen  5  cells  (n  <  tirrnl  in 
a  length  of  3  mm.  Interiorly  the  cells  are  surrounded  by  vchu  uUr 
tissue,  irregularly  arranged. 

Meek  clearly  did  not  understand  his  own  sfiecimenft ;  hr  di<l  nt4 
know  th.il  the  br.inrhcs  wore  ihrcc-sicUMl.  but  ^»avc  a  ihii  kuv^^  •t"    -4 
in*  ii  h»  iiiN  I»r  im  lir-i,  N-.ipposinj;  ihviu  in  In-  fl.it.      Mr  .il^.i  •  ^   •   '.  • 
In  t    lilt-  liisiiiH  ilv  |»r«»it«  un^  .i|M-M»irfs  lit   tin- mIU  w  ith  jtt.  ^ 
\\  Inic   ilrsi  rii"'<l  liit    ^|n-«  u-«»  fr«nii  llu*  <  Hji  miM-nri  ^  .r  Pii,\  I 

iiMiN.  .ind  st.iicN  in  .1  I. tier  p'llili:  .itpin  th.it  t!u-  t\|i(-  ^jm  «  .ini-i:^  w.^- 
l.iiiinl  Ir'Uii    Mr.   \\  .Iti.irn  <  iiirlrv.      I  llirrrlurr  .ii'jM.ci  !<•    Mr    «.    ■     . 
tur  sj'io  iiiu-ii^  ))(- <  iin^hli-rrt!  atithrnt!!  .  .itiil  ft-i  t-i\<-ii  .ill  i.t- !:  (•!       U 
i  Mii!«l  ii'it  tv*  "'^rn/f  till-  thriT  niIimI  lir.iiH  lit*',  in  Nfn-k  ^  *[•'»>  r  ;  ' 
sii    jifiM  rc«ir<l    !•*  <lf  Ni  1 1!.  ■  hi**   -^jii  «  nni:ii"*    .!•»    /'/    ft:-rn^t4,'.j/,i.      i.  . 
sMlfs  lii.it  tlu-  «  <  lU  Atr  irrrj^ul.irU  <lj%|Misri|  .it  tin-  ^  irl.n  «•       >,■•  ■    ■   •     • 
.It    h.nnl.  Ir«»nj  Uit- ori^m.i)    >'»ur<«-.  fi'»wr\iT.  ^h  »w    tin-  *'.trin     .ir:   •  ^•. 
nu'nt   "I   tl.f  *i\\>  .iH  iii»(t«l   in  thr  *»iii'»   ^ihm  imrn-*.      Intir«-i!.  ^^   in- 
tin-  >;•'■'  .inrn«»  U**iu  1>.iimi1U-  >ln»\%  tfn-   i»!il:i|iu-  inti  tm-*  tin;:  mi:-*  \;*. 
l*c.L  iMiiiv        It  niii<«t  )•(■  ri-nirfn!»rr(-ii,  li«>\\r\(-r.  th  it  .iit)ii>ii^)i  il  .1^- 
initT'.' I  :in^  ^t-rtt-i  .ui- •  nnMili'n-il  i\|':».ii.  in«"Ht    N|i«-t  sini'n**  .m  :  ■  »^-  ■  .. 
vxtiii!    \.ir  ..itmn-*  ff<»ni  i\\'.-*  t\|n.*,  Ii'>wf\rr,  vwu  tlun  \Uv\  r.itJr:  :  :? 
V  n!    •-»-•■'.  I't   «li-{ir:T»l  rr^  :i.ini\    tii.in  t\  ;•;<  .ill\   irri'^':l.ir   il^j-"*  *     ■ 
I  ii«     v\  .1':.  .^  st.iii.l  .1%  v.i'\  111^   i'tmiii  ;  In  ;  nun.  tlii'*  i-*  Nr-M-i  »  ;       ^  . 
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to  include  our  specimens  from  Ohio,  bul  ihe  average  width  of  the  Illi- 
nois is  less  than  that  of  Ohio  forms,  and  in  general  the  si^e  of  speci- 
mens seems  more  variable  at  the  former  lo(;ality.  Later  in  the  Appen- 
dix to  Ihe  Report  of  Surv.  W.  of  i  oolh  Meridian,  PI.  IV,  Fig.  3,  White 
figured  one  of  the  type  specimens.  This  specimen  falls  below  the 
minimutn  width  given  in  the  original  description,  being  only  a. 5  mm, 
wide,  and  is  figured  with  scattered  cells,  irregularly  undulating  edges 
and  without  crescentic  nonporiferous  portions  regularly  occupying  the 
incujved  portions  of  the  sides.  However,  since  Fig.  2,  e,  on  the 
same  |ilate,  representing  a  specimen  from  Ceboila  Creek,  likewise 
omits  the  crescentic  non-poriferoiis  characters  of  the  margin,  readily 
seen  in  the  original  specimens,  il  is  to  be  expected  that  in  a  small  speci- 
men this  feature  would  be  entirely  overlooked.  At  any  rate  the  small- 
est specimen  we  have  from  Danville,  which  is  3  mm.  wide,  shows  the 
crescentic  non- poriferous  characters,  the  arrangement  of  celts  noted  in 
the  Ohio  specimens,  and  a  regularly  undulating  margin,  all  the  charac- 
ters being  readily  noted  when  attention  has  been  once  called  to   the 

Agiin,  specimens  from  Chester,  Illinois,  of  larger  size,  but  of  the 
same  avernge  width  as  Ohio  specimens,  show  no  variations  from  the 
latter  in  any  particular.  The  same  is  true  of  the  specimens  just  re- 
ferred to  from  CeboUa  Creek,  New  Mexico,  Nos.  4480.  9447,  and 
9473  of  the  National  Museum  collections.  In  his  Pal.  Papers,  No. 
XI,  White  describes  specimens  from  the  middle  Carboniferous  series 
of  Yampa  Plateau,  N.  W.  Colorado,  which  are  only  2  to  2.5  mm. 
■wide.  We  found  in  them  the  same  crescentic  nonporiferous  spaces 
as  noted  Mbove  in  specimens  from  other  localities.  Finally,  Ulrich 
•described  a  form  from  Taleville  and  Grayson  Springs,  Kentucky.  It 
■s  in  every  respect  similar  to  the  Ohio  forms.  He  states:  "This  species 
is  readily  distinguished  from  all  other  species  of  the  genus  known  to 
»ne  oy  its  wavy  or  serrated  margins."  The  three-sided  character  of 
Meek's  specimen  was  unknown;  White  in  his  original  description 
bailed  to  mention  the  indentations  of  the  margin,  in  his  second  descrip- 
tion they  are  stated  to  be  merely  a  little  irregular,  but  in  his  third 
description  the  scalloped  character  so  readily  noticed  in  larger  speci- 
mens is  distinctly  staled  and  in  one  example  figured. 

The  general  features  of  the  species  therefore  consist  in  regularly 
scalloped  margins;  the  serrations  are  not  rounded  typically,  but  are 
more  or  less  accurately  truncated,  sometimes  even  slightly  concave, 
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s  decrease  in  prominence  with  the  size  of  the  specimeas  ; 
the  indentations  are  bordered  by  crescentic  non-poriferous  spaces; 
these  spaces  are  large  and  conspicuous  in  the  larger  forms,  decreasing 
to  narrow,  but  distinct  proportions  in  the  smaller  specimens.  The 
Specimens  from  New  Mexico,  Kentucky  and  Chester,  Illinois,  are  un- 
doubtedly the  same  as  our  Ohio  forms.  Those  from  Colorado  are 
readily  connected,  it  seems,  by  the  variable  forms  at  Danville,  Illinois. 
In  conclusion.  I  desire  to  express  my  gratitude  to  Prof.  C.  A.  White, 
of  the  National  Museum  at  Washington,  for  the  ready  access  to  the 
specimens  described  by  him  from  western  localities.  The  above  dis- 
cussion is  designed  merely  to  present  a  better  understanding  of  this 
species,  from  the  abundant  material  which  it  has  been  my  good  for- 
tune to  see. 

Common  at  Kald  Hill;  rare  at  Ylini  Ridge. 

ACANTHOCLADnD.4-:,  Ziilel. 

Ramose  bryn/.oa,  dendroid,  pinnate,  or  forming  fenestrated  ex- 
pansions, consisting  of  strong  central  stems  and  smaller  lateral  branch- 
es proceeding  from  the  margins;  the  latter  uniting  in  fenestrated  gen- 
era with  the  branches  of  adjacent  stems.  Stems  and  branches  both 
poriferous  on  one  side  only,  n  on -poriferous  dissepiments  therefore 
absent. 

UF-SUS  (JLAUCONOME,  Goldfuss. 

Main  stem  very  slender,  branches  springing  from  the  stem  at  large 
angles,  often  at  almost  right  angles.  .  Cell  ill  iferous  face  of  both  main 
stem  and  branches  with  two  alternating,  longitudinal  series  of  cells. 
Non-poriferous  side  longitudinally  striated. 

VI.  Glaliconome  wHirii,  s/i.  n. 
{Plate  VII,  Fig.  4,  a,  b,  c-) 
Largest  specimen  i8  mm.  long  and  6  mm.  wide,  evidently  not  a 
complete  zoarium.  The  stem  is  very  slender,  rounded,  and  regular 
in  thickness,  having  a  diameter  of  about  .22  mm.  On  either  side  are 
branches,  diverging  from  the  stem  at  an  angle  varying  from  65  to  81 
degrees,  usually  nearer  the  angle  first  given.  These  branches  are  of 
two  kinds;  the  smaller  kind  are  very  narrow,  about  .13  mm.  wide, 
and  rather  short,  a  millimetre  or  less  is  the  length  of  the  largest,  so 


rsten;  the  larger  kind  are  slight!)' 
about  1.9  mm,  wide,  and  are  longer  than  the  branches  just  described, 
the  length  of  the  largest  branch  so  far  seen  being  4  ram  ;  at  a  short 
distance  from  ihe  main  stem  these  also  bear  very  short  minute  branch- 
es. Along  ihe  stem  the  branches  are  stationed  with  some  regularity, 
ahoul  4  branches  in  a  length  of  2  ram;  three  to  four  small  siied 
branches  intervene  between  those  of  larger  size  when  the  latter  occur. 
At  a  distance  of  1.6  mm.  from  (he  stem  along  one  of  the  branches 
the  minute  branches  mentioned  above  begin;  these  are  stationed  also 
at  equal  distances  apart,  almost  5  in  a  length  of  2  mm.  The  cell  ap- 
ertures are  distinctly  elevated  above  the  surface  of  the  stems  and  cause 
irregtilarity  in  the  surface.  There  is  always  a  cell  at  each  juncture  of 
a  branch  with  the  stem,  near  the  smaller  angle;  and  also  one  half  way 
between  the  successive  branches  along  the  stem  Since  the  alternation 
of  the  cells  is  regular,  the  branches  are  therefore  not  strictly  opposite, 
although  at  first  sight  they  may  appear  so.  The  presence  and  arrange- 
ment of  cells  on  stems  and  branches  is  similar,  excepting  that  on  the 
smaller  branches  rhey  are  stationed  closer  together,  as  might  be  ex- 
pected. Five  to  seven  longitudinal  wavy  strise  mark  the  poriferous 
aide ;  two  of  these,  somewhat  more  prominent  and  almost  continuous, 
though  variable  in  distinctness,  form  a  sort  of  median  kee!  between  the 
cell  rows.  .\n  equal  number  o(  striae  mark  the  non-poriferous  side; 
these  are  tiuHe  straight  and  are  covered  with  numerous  minute  gran- 
ules, scattered,  or  apparently    forming  three  or  four  rows  along  the 

Glauconomt  IrUineata,  Meek,  is  readily  distinguished  by  its  larger 
size,  Hattened  stems  and  branches,  and  a  median  trllineate  ridge  on 
the  poriferous  side  which  is  very  characteristic.  Gl.  nerfiJis,  H^hite. 
<lifrers  in  its  larger  size,  the  comparatively  small  space  between  the 
branches,  and  in  the  presence  of  dimorphous  pores  upon  the  poriferous 
side  on  the  convex  area  between  the  regular  cells. 

Moderately  common  at  Flint  Ridge.  Named  in  honor  of  the  LT.  S. 
Paleontologist,  Dr.  \  C.  White,  through  whose  courtesy  I  was  per- 
mitted free  access  to  the  valuable  collections  in  the  United  Stales  Na- 
tional Museum  at  Washington. 
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i  SKPTOPORA,    Prout. 


Zoaria  fenestrated   by  the  union  of  the  short  lateral    branches  of 
adjacent  stems  ;  cell  rows,  two;  dimorphic  pores  present.     SyniHladia. 


King,  is  distinguished  by  (he  absence  of  (iimorjihii;  pores,  and  the  pr» 
eiice  of  more  than  two  rows  of  cells. 

VU.       SEPTOPOftA    BISERIAUS,    Tar.    GRACILIS,    Meet. 

(Plate  VU,  Fig.  7,  a.  b.  t.) 

Synrx'larlLE  bistrialis  (gracilis.  suggKledj.  MrcL.  Ohio  Pal    Vnl  II,  p.  y.t, 

Zo^rium  flabellate,  composed  of  three  or  four  strong  radiating 
stems,  fornjinjt  a  net-work  by  pinnate  division,  and  the  union  of  oppo^ 
site,  short,  lateral  branches.  Intercalated  stems,  arising  from  the  co- 
alescing  of  lateral  branches,  are  not  iinfreqnent.  All  stents  increase 
in  siK  above.  Lateral  branches  short,  inclining  al  angles  of  fio  de- 
grees or  more  to  the  stems,  those  of  adjacent  stems  uniting,  the  union 
rounded,  angular,  nodose,  or  slightly  produced.  Poriferous  face  «ith 
two  rows  of  cells  ;  alternating  with  these,  usually  nearer  the  margin, 
although  sometimes  between  the  cells,  arc  |xjrcs  of  about  one-third  the 
size  of  the  celb.  The  median  ridge  is  narrow,  distinctly  nodose, 
nodes  not  quite  as  numerous  as  the  cells  on  either  tide.  Non-eel  I  uHferous 
face,  with  the  sides  sloping  from  a  convex  median  ridge,  which  some- 
times is  indistinct,  longitudinally  slrialed,  striations  strongest  along  the 
median  area.  Dimorphic  pores  very  small,  situated  singly  or  in  pairs 
at  the  junction  of  the  branches  with  the  stems,  occasionally  a  few  olh 
ers  scattered  aboui  in  various  |>osiiions,  but  not  with  the  frequency  or 
irregularity  indicated  liy  Meek  in  his  figures  of  S.  biscriali's  from  the 
Coal  Measures  of  the  West. 

From  Sefilopiira  biserialis,  Suuilhw,  this  form  may  be  distinguished 
by  the  tendency  towards  the  formation  of  a  medi.in  ridge  on  the  non- 
poriferous  side,  by  the  regularity  of  arrangement  of  most  of  the  dimor- 
phic pores,  both  cm  the  celluliferous  and  non-celluliferous  sides,  and 
by  the  more  distant  stems  and  branchi's.  forming  larger  fenestrules. 
,V.  Cistrieims,  /'rout,  referred  by  R.  U.  I'lricU  to  i'.  biserialis  as  a  *a- 
ricty,  differs  from  our  form  in  wanting  the  dimorphic  pores  on  the  cel- 
luliferous side,  or  at  any  rate  in  having  them  much  less  numerous. 
Ulrich's  studies  indicate  great  variability  in  this  species,  and  our  form 
would  give  it  also  wide  geographical  distribution. 

The  measurements  in  this  case  are  variable  and  scarcely  specific, 
but  a  few  may  here  he  given  of  a  sjiciimen  considered  typical. 
About  S  stems  occur  \w  a  width  of  10  mm  ;  9  branches  occur  in  the 
same    length.       1-roiii  the   l-'niestiilidif  tliis  sj)ccies  will  of  course  be   at 
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once  distinguished  by  the  cclluliferous  character  of  what  might  be 
taken  for  dissepiments,  even  if  these  should  unite  neatly. 
Common  at  Flint  Ridge.     (  Gracilis,  slender  branches.) 

FENESTEI.LIDAE,  King. 
Zoaria  usually  reticulate,  poriferous  on  one  side  only,  branches 
united  by  non-poriferous  dissepiments  or  anastomosing ;  in  the  latter 
case  there  is  never  a  division  possible  into  siems  and  branches,  so  that 
no  confusion  with  the  Acanthocladiida  need  arise. 


Genus  CHAINOPICTVON,  gen.    nov. 

Zoaria  flabellate  or  perhaps  infundibuliform,  branches  inosculat- 
ing, forming  a  loose  net-work,  the  meshes  of  which  are  elongated, 
elliptical,  or  oval,  somewhat  variable  (as  the  openings  in  the  fronds 
of  some  Clathropora).  Ilranches  flattened,  sometimes  even  concave 
on  the  non-poriferous  side.  Without  longitudinal  slri^,  as  far  as 
known,  but  with  very  marked  lunate  striations  or  rather  folds  extend- 
ing across  the  non-poriferous  sides  of  the  branches,  similar  lo  the  lines 
of  growth  seen  on  the  epilhecal  membranes  of  •Stictoporidie.  Cells 
in  oblique  intersecting  rows  which  give  rise  to  three  less  evident,  rather 
irregular,  longitudinal  series.  (Chahio,  gaping;  dietyori,  net;  alluding 
to  the  elongated  large  meshes  of  the  Mariiiin.) 

Phyllopora,  the  nearest  related  genus,  has  rounded  meshes;  the 
branches  are  far  less  flaitened  on  the  non-poriferous  side,  and  are 
finely  striated  longitudinally;  on  the  poriferous  side  the  cells  have  a 
more  regular  arrangement  into  longitudinal  rows;  it  occurs  in  older 
paleozoic  formations ;  Chainepora  may  he  considered  its  later  repre- 
sentaiive. 


VIII.     Chainodictvon  la\um,  sp.  n. 
(PiaieVn,  Fig.  8,  a,  b,  c.) 

Meshes  elongated,  rhomboid,  elliptical,  oval,  ovate,  and  obovaie 
in  the  same  zoarium,  typically  elliptical,  about  j-j  mm.  long  and  1.3 
mm.  wide.  Branches  narrow,  about  .3  to  .38  mm.  wide;  the  cells 
are  arranged  in  diagonal  rows ;  longitudinally  about  5  cells  may  be 
measured  along  the  sides  of  the  branches  in  a  lengih  of  2.  mm.       The 


cells  arise  near  the  no n poriferous  side,  are  quile  elongated,  and  reath 
the  surface  at  a  very  oblique  angle.  Longitudinal  arrangement  of  cells 
is  incidental  rather  than  typical  and  often  obscured,  whereas  the  obliiiuc 
series  remain  distinct. 

Flint  Ridge,  rare.     {Laxum,  loose  meshes.)  ^^d 

Genus  POLYPORA.   McCoy.  ' 

Zoarium  flabellate  or  infundibuliform,  poriferous  on  the  insidt; 
branches  nearly  straight,  connected  at  regular  intervals  by  non-porifet- 
0U9  dissepiments-  No  median  keel  on  the  poriferous  side  of  tht 
branches;  from  two  to  six  rows  of  cells. 

IX.     PoLYPORA  FAsruosA.  De  Konin€k. 
{Plate  VII,  Fig.  g,  a,  i,  c,  d.) 

Zoarium  infundibuliform.  Branches  dividing  dichotomously,  tap- 
idly  near  the  centre,  then  less  frequently,  becoming  straight  above. 
N  on -poriferous  face  with  sloping  sides,  thus  leaving  a  sort  of  carina 
along  the  middle,  varying  from  this  to  ordinary  convexity  :  the  edge; 
of  branches  acute,  frequently  more  horizontal  than  the  sides  of  the 
branches,  thns  forming  a  narrow  margin  along  the  fenestrules.  The 
dissepiments  very  prominent,  as  high  as  the  branches  or  even  exceed- 
ing Che  same,  less  than  a  third  the  width  of  the  branches,  narrowly 
compressed,  and  consequently  carinated.  These  dissepiments  are  very 
characteristic,  giving  the  oval  inclosed  fenestrules  an  oblong  outline. 
Branches  finely  and  closely  striated  longitudinally;  dissepiments  also 
striated.  Poriferous  face  convex.  Cells  arranged  in  four  to  six  rows, 
usually  four  or  five  rows;  the  diagonal  series  however  are  usually  first 
noticed.  Cell  apertures  small,  separated  by  twice  their  length  longi- 
tudinally. The  spaces  between  the  cells  are  longitudinally  striated  by 
wavy  lines.  In  another  sj>ecimen,  with  the  same  characteristics  on  the 
n  on -poriferous  side,  the  poriferous  face  presents  larger  cells  arranged 
closely  together  without  the  intervening  striations.  The  dissepiments 
longitudinally  striated. 

The  main  characters  in  the  identification  of  this  species  have  been 
drawn  from  l.>r.  Fran;;  Toula,  in  his  descriptions  of  P(rmo-<arboniferom 
fossils  from  the  west  coast  of  Spitzbirgen,  1 875,  and  of  the  Carboniferous 
Limesloite  Fauna  from  the  Barents  Islands,  N.    IF.  of  Nowafa-Semlja, 
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1S75.  In  the  latter  pjb'icition  he  stites  of  the  diagonal  arrangemsnt  of 
the  cells .;  " '  This  arrangement  is  first  seen  on  the  branches,  when  the  ex- 
terior layer  has  been  removed.  This  layer,  when  best  preserved,  shows 
distinct  longitudinal  striatinns;  by  abrasion  or  splitting  off,  the  inner 
portions  of  the  cells  appear  arranged  as  slated  above  so  close  to 
one  another  that  hexagonal  outlines  arise."  And  later:  "The  di- 
mensions of  our  specimens  are  very  variable ;  the  fenestrated  branches 
named  are  sometimes  broader,  sometimes  narrower,  and  in  a  piece 
narrower  than  usual,  even  7  fenesirules  are  found  in  a  length  of  10  mm." 
Apparently  the  same  variations  are  found  in  our  specimens.  The 
largest  has  5  fenesirules  and  6  dissepiments  in  a  length  of  lo  mm.,  7 
to  9  branches  occur  in  the  same  distance  in  breadth.  In  one  of  the 
smaller  specimens,  7,3  fenestrules  occur  in  a  length  of  10  mm.  atid 
10.5  branches  in  the  same  breadth.  From  7  to  g  cellsoccupy  a  length 
of  2  mm.  The  fine  longitudinal  striie  of  the  poriferous  face  of  the 
dissepiments  are  mentioned  by  Toula  in  his  descriptions. 
Common  at  Flint  Ridge  and  Bald  Hill. 

Perhaps  we  have  confounded  two  species  in  the  above  descrip- 
tion, one  smaller  than  the  other,  or  with  smaller  and  more  distant  cells, 
Kaut  we  fail  to  find  deJinite  specific  characters. 


Cei 


;  FENESTELLA.  Lonsdale. 


^p  Differing  from  Folypo. 
»lls  being  arranged  in  two 


a    in   the   presence  of  a  median  keel,  the 
rows,  one  on  either  side  of  the  keel. 


X.     Fenestei.la  limbatus,  sp.  n. 
(Plate  VH,  Fig.  10,  a,  b,  c,  d.) 
fin  the  limestones  at  Flint  Ridge  and  Bald  Hill  are  foimd  i 


^^WWspeamens  belongmg  to  the  genus  Fcnestella,  all  of  which  havt 
following  features  in  common.  The  /oaria  are  infiindibuliform  ;  the 
inner  side  is  poriferous ;  the  median  keel  is  well  developed  and  dis- 
tinct, along  the  summit  it  is  occupied  by  a  single  row  of  rounded 
nodes  stationed  at  regular  distances  apart,  and  calling  to  mind  such 
Polypora  as  may  be  typified  by  Polypora  submarginatii ,  Meek,  for  in- 
stance, (Pal.  East.  Nebr.  Meek,  187J);  the  nodes  often  appear  hollow, 
where  abraded,  but  never  alternate  with  small  pores  as  in  the  species 
just  cited.  The  nodes  are  somewhat  more  numerous  than  the  cells. 
^Another  equally  characteristic  feature  is  the  form  and  arrangement  of 


"■•*, 
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the  cells.  Typically  one  cell  is  placed  at  each  corner  of  the  fenesirule 
at  the  junction  of  the  dissepiments  with  the  branches,  another  cell  is 
situated  on  each  side  of  the  fenestruie  half  way  between  the  two  cells 
already  located;  the  number  of  cells  is  therefore  typically  twice 
thai  of  the  dissepiments;  but  occasionally  two  cells  may  fall  in  this 
intermediate  region  and  the  next  cell  is  thrust  to  a  position  just  above 
the  next  dissepiment,  but  the  typical  distribution  is  easily  retf^niied 
in  the  complete  individual.  The  cell  mouths  are  very  large,  so  that 
the  corners  of  the  fenesirules  are  rounded  and  near  the  middle  they  are 
constricted,  giving  a  very  peculiar  appearance  to  the  fenesirules.  The 
broad  cells  thus  give  the  branches  a  vi  ■ '  aracteristic  appearance 
which  is  suggested  in  the  specific  name  /wh       f,  bordered. 

Here  all  similarity  ceases.     The  specin 
delicate  forms,  to  those  which  are  qoite  coars' 
to  associate  such  forms  under  one  specific 
specific  characteristics,  although  we  have  ■ 
to  designate  one  well-defined  species,  lo 
mediate  forms  refuse  to  admit.     Conside 
have  the  following  description   of  the  noh 
ments  from  one-fourth  to  almost  one-hah  c 
FenesOules  oblong,  the  corners  angular,  vary   ig  to  coarsely  granuUr, 
then  often  with  quite  large  granules  in  dial  ongitudin&l  rows,  often 

longitudinally  striated,  especially  in  worn  mens.      Branches  from 

loio  13  in  a  width  of  5  mm.,  dissepiments         3  13  in  the  same  length. 

As  types  of  this  species  we  take  the  si         M  specimens. 

.\I.      Fkne^tella  LEMtiATL's,  var.  remotus. 

(J'la/d  VII,  .Fig.  II.) 

A  variety  having  all  the  other  features  of  this  species  differs  only 

in  having  the  dissepiments  relatively  farther  removed  from  each  other 

as  shown    by  the  following  measurements:   10,5  branches  occupy  a 

width    of  5  mm,  6,5  dissepiments  occupy  the  same  distance  in  length. 

Found  with  the  above. 


A 


i  vary  from  small,  fine, 
It  seems  hold  almost 
ime,  but  we  fail  to  find 
lant  maleiial  and  prefer 
ng  several  which  inter- 
them  as  one  sijecies  we 
ferous  side.  Disscpi- 
!  sixe  of  the  branches. 


or   OENISON    UKIVERSITY. 


MONTICULIPORID,*:,  Nicholson. 


Zoariiim  with  (ubiilar  cells,  which  are  thin  walled  and  polygonal 
below,  above  they  are  bent  more  decidedly  towards  the  sur- 
face, are  of  nearly  equal  size  throughout,  more  or  less  thickened  and 
rounded,  but  never  lipped  nor  separated  by  vesicular  tissue,  Zoari- 
um  occasionally  frondose,  but  never  composed  of  two  distinct  layers 
of  cells  entirely  separated  by  the  epithecal  membranes.  A  distinct 
section  of  ihis  family  typified  by  the  following  genus  will  no  doubt 
soon  be  separated  from  the  same  and  made  an  independent  family. 

Genus  STENOPOR.A,    Lonsdale. 
Zoarium  ramose.     Cells  of  the  mature  region  more  or  less  annu- 
lated  periodically,  with  large  spiniform  Cubuli  at  the  angles  and  straight 
diaphragms,  frequently  operculate.     Species  often  erroneously  referred 
to  Chatetes. 

XII,     Stenopora  OaiOENsis,  sp.  n. 
{Piatt  VIII,  Fig.  12,  a,  b,  e.  d,  e.) 
IKranches  sub-circular  dividing  at  intervals  of  about  30  mm.  show- 
ing  faint   traces   of  bilateral    arrangennent  in  the    immature  region. 
Iri  the  immature   region  the  cell  walls    arc  thin  and  polygonal.      In 
the  mature  region    the  cell  walls    become  strongly   and  closely  an- 
nulated  by  periodical  thickenings,  crossed  by  thin  diaphragms  at  the 
annulie.      Spiniform  tubuli  of  large  size  occupy  the  cell  angles,  others 
of  smaller  si^e  are  found  on  the  intermediate  cell  walls,  encroaching 
below  upon  the  cell  cavities  as  vertical  ridges.     Well  preserved  speci- 
mens show  operculate  mouths.     Cells   irregular  in   si^e,  the  smaller 
more  angular,  but  not  distinguishable   in  vertical  section.     About  10 
cells  occupy  a  length  of  2  mm;  branches  5.6  mm.  thick. 
Locality  and  position.      Flint  Ridge. 

•  XIII.     Stenopora  carbonaria,    IVorthen. 

{PlateXlU,  Fig.  13,  a.  i.e.) 
Branches  of  larger  size  than  the  last,  8.9  mm.  thick.  Cell  walls 
not  distinctly  annulated;  cells  larger,  crossed  by  more  distant  dia- 
phragms, operculate,  operculae  visible  both  in  cross  and  vertical  sec- 
tions, also  in  hand  samples.  Large  spiniform  tubuli  at  most  of  the 
angles  of  the  cells,   intermediate  spiniform   tubule  wanting.      Some 
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^necineoi  tndiGUE  inicrrnjiteid  growth  in  the  umam.  Atusi  j  t^^B 
occnpf  s  loigtii  of  3  moi. 

iMo/iff  and  fot^n.     Bald  HUl  and  Flint  Rl(%e. 

Amoni;  the  Flini  Ridge  coftcctiom  conti  arc  *icndiin<T  f^^ 
and  ofllv  one  specie*  tus  so  for  been  ncognUcd,  bekxifiac  to  tlv  fe^ 
lowing  genui. 

Oexrt  CVATHAXONIA,  Midwiia. 

Single  polyp  cctU,  with  dUphragmt.  the  iavsginaied  canro  ^3 
vhich  form  a  tolid  ccntnl  ast»,  the  criitifonB  columrlU.  bdial  la^^ 
cll«  well  developed,  tirnninaling  ai  saperfida)  carioatiooi  oa  ifac  cai»- 
ical  centre  of  Oic  diaphrngmi.  {Rominger,  Fcanl  Corals  CcoS. 
SuTT.  Mich.  Vol.  III.  p.  9«)- 

CVATHAXONIA    ntOLiritltA,    J/i'Ci'riK?- 

f/«Hk  VIII,  Fig.  is.a.  ^'0 

Cnral  ciiiiical,  nc.irly  «tnugH  or  csnred  bdaw,  epohcca  illi^ 
nnrlced  by  dtctiml  vertical  ridjet  locating  die  apcrtural  uaA  iMoil 
g«pi  diitinctly;  calyx  nearly  orrolir,  deep;  radial  boielle  >»-al^ 
begianiDx  ju  i:«rinaiion«  at  (he  mouth  «f  ihc  calyi,  riovly  enbr(ia| 
feeloir  and  ending  at  rtdgc*  on  the  invaginated  duphngna ;  aheraat 
iB(  with  ibew  bittelljB  ore  caraudoo*  or  wcDiubfy  IiimBk.  vlach 
reach  *cati  ely  tnoff  than  h4lf  ihe  diaUnce  down  the  caly*,  and  ihct»- 
ftirt  Ji'-  i.t  I.  .  i.'i  ,11  .1,1)  iji.---;r>cij  t[<^nTnen«  ,  t^p  .  i,Kii:i(''j  i.  -m 
prcsiJ  l.uiiins.  ii,,-  I  it^.T  avis  in  line  with  the  apcrtural  and  <  ci.irjl 
gaps,  vt-ry    |....i.u„.-i,i 

l-ar^ici  -J ini  i.^  f.ir  found  II  mm.  long,  and  i;  mm    «idc  it 

the  mmiiJr  I'f  iln-  >  Aw  .  rlic  r.ilw  is  ij  mm.  deep,  the  columelU  jtif 
tnidinij  iniij  (In-  -.luu-  (.,t  ,i  itistance  of  j  mm  ;  the  columclU  i»  r  T 
mm.  wide  t'H.iw.  .mil  ,ihi-iit  1  mm.  thick.  The  columella  ij  not  j] 
waya  mi  well  |>ii'<.{-ri<,l 

JJfoA/X   atj  f^-ut,.'H       Khnt  Ridge  and  Bald  Hill. 


t  of  thcKT  lu^cs  I  learned  that  Mr.  K  (> 
iiiilar  li»t  of  bryoioa  from  the  ba*e  of  the 
Illinois,  for   the    lllinoii  CeoL  Surv.  Vol 
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VIII.      From  his  copious  notes  on  the  specimens  submitted  lo  him  for 
examioation,  most  of  the  following  are  extracted. 

Rhombopora  mullipora,  n.  sp,  is  found  at  Seville,  III. 

Glaucenatne,  Goldfuis,  is  a  synonym  for  V'incularia,  DeFrante, 
having  been  originally  used  to  designate  Mesuiioic  species  of  the  lat- 
ter genus  ;  our  species  must  therefore  be  referred  to  Pinitaiapora,   Vine. 

Pinnalopora  Whitii,  n.  sp,  is  closely  related  to  P.  bellula,  Ulrick, 
from  Seville,  difTering  in  the  possession  of  a  double  ridged  median  keel 
on  the  celluliferous  side,  and  in  the  absence  of  distinct  granules  form- 
ing single  rows  on  the  striffi  of  the  reverse.  4.3  cells  occur  in  the  same 
diBtance  as  3  cells  in  P.  btlMa,  Ulrich. 

Stptopora  biseriatis,  StvaUaw ;  a  form  resembling  the  western  types 
of  this  species  as  figured  by  Meek,  is  found  at  a  horizon  about  100 
feet  above  the  Flint  Ridge  layer,  near  Brownsville.  The  branches  are 
more  or  less  wavy,  rounded  on  the  non-poriferous  side,  the  dimorphic 
pores  quite  numerous,  one  or  two  stationed  at  the  junction  of  the  stems 
with  the  branches,  the  rest  scattered.  The  dimorphic  pores  of  the 
celluliferous  side  appear  usually  between  the  cells,  rather  than  just 
without  the  line  formed  by  them,  as  is  more  commonly  the  case  in  S. 
biseriatis,  far.  gracilis. 

Chainodictyon  laxum,  n.  sp,  is  also  found  at  Seville,  Illinois.  Gen- 
erically,  the  following  cell  structure  is  of  importance.  Arising  /lear 
the  reverse  side  of  the  bryozoum  the  cells  arc  at  first  somewhat  de- 
cumbent, then  they  enlarge,  become  compressed  laterally,  and  bend 
towards  the  celluliferous  surface,  opening  ujjon  tlie  same  as  elongated 
oval  or  elliptical  cells  more  or  less  bounded  on  each  side  by  single  lon- 
gitudioal  wavy  strife. 

FenesUUa  limbata,  n.  sp,  is  very  closely  allied  to  F.  mimica,  Ul- 
rick, as  figured  in  the  forthcoming  Illinois  report,  pi.  LII,  fig.  7.  The 
median  keel  of  the  Uhio  specimens,  however,  is  more  prominent  and 
distinct  than  in  that  species,  but  not  at  all  as  large  as  the  median  keel 
of  F.    Wortluni.  Ulrich,  fig.  5,  of  the  same  plate. 

FtnesUlla  rtmota,  n.  sp.  {F.  limbata,  var.  remola,  anlt),  proves  on 
further  examination  to  be  a  well  marked  species,  with  four  cells  to 
each  feneslrule,  a  comparatively  broad  median  keel  occupied  by  a 
«^Iosely  arranged  series  of  nodes,  The  reverse  is  occupied  by  distinct 
.longitudinal  stri^. 
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Fig.  \.  Rhtmbipora  mnllifora,  h.  s/>;  s,  lype ;  b,  pari  of  the  surface,  X  14; 
vertical  scClioD,  X  4.5. 

Sig.  2.  Cysladulya  iorioHaria,  Mttk;  a,  frond  ;  b,  pari  of  Ihe  surface,  X  6.  5; 
c,  cross-sections  showing  indented  cells  and  angular  interstitial  cells,  X  6.5. 

fig'  3.  RhooiiBpara  ItfUoditiitrvidta,  Meek:  *,  fruEmenls;  b,  pari  ef  the 
surface,  X18. 

Fig.  4.     PiuHalfffera  (C/auieiiome,  -ifite),  Whilii,  n.  tfi;  a,  type;  b,  ccllulifer- 

rangemem  of  cells,  X  11. 

Fig.   5.      /t/umiefrra  f  Ufida/eaiircidea,  Afeei;  »,  part  ol  the  surface,  X  8  ;   b, 

seciion  1  e,  the  s»me,  X  3.5. 

Fig.  (1.  Primtpam  lereala.  Meek;  >.  cist,  tricholomousty  dividing  at  oiw 
comer;  b,  surface;  c,  cross-sections;  d,  specimen  from  Dsnvillc,  Illinois,  dividing 
tilcliutomouBly,  wilb  cross-sec  1 1  nil ;  e,  a  side  of  another  specimen. 

Fig.  7.  Seflopara  Hserialit,  var.  gracilis,  Mttk;  a,  non-celluliferous  side;  b, 
the  same,  X  ^.l ;  c,  section  showing  position  of  cells  and  dimorphic  pores  of  the 
celluliferous  side,  X  3. 

/■ig.  fl.  ChaiiuiiliifyoH  liisum,  n,  if;  a,  loartum ;  b,  noii-cel!u1ifeiou«  side, 
X  3 ;  c,  celU,  surface  view,  X  15,  and  lateral  views,  X  <;. 

Fig.  9.  Pely/trafitttmiia,  /JfATrntV;  1,  non-celluliferous  side;  b,  Ihe  same, 
X4;  G,  cell  uUf era  US  lide,  Xj,  a  pari,  XS;  d,  another  species,  a  part,  X4. 

Fig.  la  Finttlillii  loHiato,  n.  ip;  a.  type;  b,  cellulircrous  side,  X  11.4;  c, 
oon-cellaUferouB  side.  X  13  3;  d,  larger  form  ;  e,  view  of  a  branch,  X  13. 

Fig.    11.    Feneslella  rmeta.  h.  !p.  (it,  Tat,  anU):  a  type;    b,  cast.  X  ij. 

Fit;.  i2.  Slinopora  Ohioensis,  n.  s/>;  a,  part  of  the  surface,  X  16:  tangential 
section,  Xg.j;  (he  same,  X  ;o ;  d,  vertical  section  of  mature  portion  showing 
CTOss-secIion  of  aniiutx  with  their  connecting;  cell-wall  and  diaphragms,  also  a  lat- 
eral view  of  the  annulatioiis  and  three  of  the  vertical  thickenings  of  the  cell  wall, 
which  in  tangential  sections  appear  as  darkened  bpois  in  ihe  cell  wall>,  X  1^,  also 
a  part  enlarged,  showing  that  the  walls  of  conliijuous  cells  are  not  divided  from 
each  other,  X  iS;  e,  piece  of  a  branch  with  cross  section  showing  tendency  to- 
wards bilateral  structure. 

Fig.  13.  Stencpora  fotlhmaria,  WorilitH,  a,  part  of  the  surface,  X  ij;  b,  tan, 
genlial  section  with  traces  of  operculate  diaphragms.  X  12;  c,  vertical  section  indicat- 
ing periodical  growth,  with  diaphragms  interrupted  by  operculic,  X  1;. 

Fig.  14.  Phillipat  Shumardi.  Herrick;  a,  entire  specimen;  b,  detached  mova- 
ble cheek. 

Fig.  [ ;.  Cytithaionia  protifira,  MiChtsnty;  a,  lateral  view;  b,  section  passing 
through  longer  axis  of  columella;  c,  view  of  calyx  showing  columella,  (I'lale  II, 
Fig.  ;i,  internal  cast  of  calyx.) 

Fig.  16.  Stpiiipota /•iserialis,  Sivit/itw;  a,  part  of  a  ioarium  ;  b,  non-cellulifer^ 
ous  side,  X  6;  celluliferous  side,  X  7.  Specimen  found  half  a  mile  west  of 
Brownsville,  ito  feet  above  the  horizon  of  Flint  Ridge  specimens. 
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BY    A.    F.*  FOERSTE. 


CRUSTACEA. 


I.  Acidaspis  Ortoni,  •     .                     .                     .  n.  sp. 

II.  Proetus  determinatus,  .                     .                     .              n.  sp. 

III.  Proetus , 

IV.  Illaenus  Daytonensis,  .  .            Hall  and  Whitfield. 
V.  Illaenus  Madisonianus,  .                     .                  Whitfield. 

VI.  Illaenus  ambiguus,  .                     .                     .         Foerste. 

Am.  Calymene  Vogdesi,  .                     .                     .   n.  sp. 

^i^III.  Ceraurus ,  .                                          . 

IX.  Lichas  breviceps,  .                     .                          Hall. 

X.  Phacops  pulchellus,  .                     .                     .              n.  sp. 

XL  Dalmanites  Werthneri,  Foerste- 

XII.  Encrinurus  Thresheri,  .                                       n.  sp. 

In  the  first  paper  of  this  series  two  new  species  of  trilobites  were 
iDublished  and  a  provisional  arrangement  of  the  others  was  made. 
Since  its  publication  fresh  material  has  been  accumulating  and  a  wider 
literature  has  been  examined,  so  that  many  things  then  left  undecided 
^ran  now  be  definitely  determined.  The  following  pages  may  there- 
Sore  be  considered  a  revision. 


(Plate  VIII,  Pig.  I.) 
.,  D.  U.  Bull.,  Vol.  I,  p.  lot.  pi.  XIIl.  fig.  33. 


I 


Head  semi-circular  in  outline,  moderately  convex  in  the  1 
of  the  glabella,  suddenly  depressed  along  the  movable  cheeks,  tl 
eral  effect  being  to  give  the  head  a  very  convex  appearance. 

Glabella  complex  in  structure,  three-fourths  as  long  as 
mesial  lobe  oblong,  its  length  equal  to  twice  the  breadth,  with 
lateral  pairs  of  lobes;  the  first  pair  very  small,  and  near  the 
anterior  border;  the  second  pair  of  moderxite  size  ;  the  last  pair 
oblong,  occupying  almost  half  the  length  of  the  mesial  lobe ;  t! 
posterior  pairs  of  lobes  distinctly  separated  from  themselves  ar 
fixed  cheeks  by  furrows,  from  the  mesial  lobe  by  deep  grooves, 
cheeks  provided  with  a  furrow  extending  from  the  posterior  part 
eyes  to  the  anterior  part  of  the  glabella,  cutting  from  the  fixed 
a  lanceolate  strip,  the  pointed  end  of  which  lies  against  the  ai 
border  of  the  middle  pair  of  lobes;  along  this  furrow,  beginn 
the  eye,  extends  a  narrow  ridge  almost  to  the  anterior  pair  of 
The  facial  sutures  anterior  to  the  eyes  begin  the  ridges  just  des< 
and  then  gradually  separate  from  the  same,  cutting  the  anterior  r 
of  the  head  with  about  the  same  curvature  that  the  correspondir 
of  the  ridge  possesses;  posterior  to  the  eyes  they  extend  in  acurvi 
ally,  then  posteriorly  to  the  posterior  border  of  the  head  at  a 
slightly  removed  from  the  posterolateral  spine.  Occipital  ring 
rated  from  the  glabella  by  a  groove,  of  large  size,  laterally  bee 
depressed  and  alienuated,  terminating  at  the  groove  which  set 
the  posterior  pair  of  lobes  from  the  fixed  cheeks. 

Movable  cheeks  with  a  raised  border  along  the  lateral  edge 
which  a  number  of  spines  (about  ten)  e.xtend;  at  the  postero- 
edge  is  quite  a  long  spine;  from  this  spine  a  border  extends 
the  posterior  margin  of  the  head,  gradually  becoming  attenuate* 
it  almost  reaches  the  end  of  the  occipital  ring.  Owing  to  the  s 
and  very  great  depression  of  the  posterior  lobes  and  fixed  cheeks 
the  posterior  border  of  the  head,  and  the  position  of  the  oc 
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groove,  the  occipital  ring  seems  to  extend  quite  a  little  distance  beyond 
the  posterior  border. 

A  glabella  figured  by  F.  B.  Meek,  in  Shumard*s  Reports  for  the 
Geological,  Survey  of  Missouri,  for  1855,  from  the  Cape  Girardeau 
Limestone,  Acidasfis  Halli^  is  a  similar  species,  although  much  smaller. 

Length  of  glabella  in  one  specimen  of  moderate  size,  S  mm ;  in- 
cluding the  occipital  ring,  11  mm;  breadth  of  the  mesial  lobe,  4.6 
mm ;  including  the  posterior  lobes,  1 1  mm,  between  the  inner  margin 
of  the  eyes,  15.3  mm,  between  the  postero-lateral  margins,  21  mm; 
convexity  of  the  head,  3  mm. 

Named  after  Prof  Edward  Onon,  the  distinguished  State  Geolo- 
gist of  Ohio. 

Locality  and  position.  Brown's  Quarry,  two  miles  west  of  New 
Carlisle,  Ohio,  Clinton  Group. 

Genls   PROETL'S,  Steininger. 

IL      Proetis  dfterminatl*?.  sp.  n. 
{Plate  WW.  Figs.  2.  3,  3^.) 
Bathyuras ,  D.  l*.  Bull..  Vol  I.  p.  103,  pi.  XIV.  fig.  5. 

Glabella  conical,  convex,  sharply  defined  from  the  remaining  por- 
tions of  the  head  by  a  distinct  furrow  :  obscurely  marked  by  three  pairs 
of  grooves:  the  posterior  pair  being  inclined  at  an  angle  of  forty  five 
degrees  to  the  axis  of  the  glabella,  cutting  off  the  posterolateral  cor- 
ners; the  middle  pair,  although  shorter  and  less  inclined,  are  still  fairly 
distinct:  the  anterior  pair  are  very  indistinct,  quite  short,  and  but 
slightly  inclined :  in  addition  three  very  indistinct  pairs  o\  pits  may  be 
seen,  the  two  anterior  pairs  arc  at  the  ends  of  the  two  ar.:er:«  r  pairs  of 
grooves,  the  posterior  pair  are  opposite  the  middle  of  the  posterior 
grooves.  In  the  very  distinct  occipital  furrow  l>eneath  the  i  "Stero- 
lateral  corners  of  the  ijlabella  are  two  almost  triangular  tubercles 
which  add  to  the  conical  appearance  of  the  glabella.  The  o*  cipital 
ring,  broad  at  the  mid-^iie.  narrow  at  the  ends,  is  supplied  with  a  dis- 
tinct granule  near  the  centre. 

The  anterior  margin  of  the  head  is  curved  downwards,  giving  this 
portion  of  the  head  a  distinctly  convex  appearance:  the  edge  is  nar- 
row, but  plainly  elevated  at  an  angle  of  perha{)s  forty  degrees  with 
those  parts  of  the  anterior  margin  immediately  adjacent.       The  palpe- 
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bnl  lohcs  arc  rounded,  and  ur  Miuatcd  oppo«i[e  ihc  anierior  half  ■: 
the   poilenur  rurrowt.     The   facial  lutures  anterior  to  ihe   p«Ip( 
lobca  curve  slowly  ouiw^ird  toward  the  anterior  edge,  then  sw 
inward  again  cutting  the  edge  beyond  a  line  paraing  through  Ifar   I 
cral  edge  of  the  tul>erclM. 

In  this  gcnui  the  facial  sutures  behind  the  eyc»  are  parmUet  for  A  I 
ihort  dttt.inre,  then  curve  outward  and  reach  the  |w»leriar  border  ctf  1 
the  head,  usually  at  a  point  half  way  between  the  glabella  and  ihc  f 
poMero-latefj]  margin  of  the  head.  In  Cyfhaifit  the  poilerior  fur-  | 
rows  become  deep  grooves,  dividing  (he  glabella  into  three  distinct  1 
lobes,  of  which  the  central  lobe  is  obovaie  in  form.  The  middle  and  | 
anterior  furrows  arc  usually  wanting.  The  tubercle*  found  in  the  r>h>o  I 
•pecies  have  not  this  cignifi cation,  but  are  caused  (>y  (he  bifurtaiiun  of  1 
Ihe  occipital  furrow. 

length  of  smaller  specimen,  glabella,  5.5  mm;  including ai 
margin,  $  mm.     itreadih  of  glaliella.  3.  i  mm ;  including  palpebral 
lobes,  4.5  mm  :  width  measured  between  the  am etu- later «t  inargicu  (^ 
the  area  aniennr  lo  (he  glabella,  4. 5  mm.      I.cngih  uf  the  larger  spcn-  I 
men,  glabcUa.  7  mm,  imluding  occipiul  ring.  8.1  mm;  inrluding  I 
ftbo  antcTiar  margm.  lu  mm.    Width  of  glii1>clU  just  above  the  tnbrr-  I 
ele*,  7  mm. 

Nam?  signifies  t^mnJtd,  I'MttiiuJ,  ike  Umiti  titahliiM,  and  refers  M  1 
Ihe  distinct  outline  given  to  the  glalKlla  by  the  surnNiading  fumnr. 

Ltalily  gmJf^iHitm.  Soldiers  Hume,  near  IXiylon,  Ohiii.  Clia*fl 
ton  (jroup. 


III.      fK 


(inaie  VIII.  Fig.  5.) 
Fragments  of  the  glattrlLs  of  a  spctrics  are  fonnd  whM:h  arc  ncMb- 
ly  teen  10  be  dislinrt  fiiitn  ihe  species  )ust  described,  bat  which  do  nA 
admit  of  a  definite  drterminatinn.  There  is  no  distinct,  lal  btmSer 
ftnteriot  to  the  glabdta ;  instead,  rhe  broad  groove  lie«  date  to  ilw 
glabella  anteriorty.  separating  from  Ihe  same  laterally,  and  ileAmg 
the  raised  rim  along  the  antcnor  edge  of  the  head.  This  rim  mm%m 
U  angle  of  4S*  <ri<l>  t^  adjacent  part*  of  ihe  head,  (htly  OM  Ml  «f 
grooves  is  dtsiinctly  visible  and  that  is  the  (uir  along  the  ptMeio-laMnl 
nargiiM  of  the  glabella.  They  begin  within  the  anterior  portkm  cf 
llic  |<alpcbral  lobe*  and  are  directed   backwards  and  lawank  M  I 
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tiame  time.     Tubercles  and  posterior  |)arts  of  the  glabella  are  unknown. 

Length  of  glabella,  3,5  mm,  including  the  rim,  4.7  mm;  distance 
t>etween  edges  aE  junction  of  facial  sutures  with  the  anterior  outline  of 
ide  head,  3.7  mm. 

LocalUy  and fosUiott.     Brown's  Quarry.     Clinton  Group. 


I 


Genus  ILLvI^NUS,   Dalman. 
!V,     Ii.L«NUS  Davtonenses,  Halland  Whitfield. 
(/Va/c  Vm,  Figs.  6.  7.) 
At  Brown's  Quarry  a  head  of  this  species  was  found  by  Prof.  W. 
S.    Hoskinson,  of  Wittenberg  College,    which   presents  the  movable 
^^heeks  and  the  rostrum  in  posilion.      Unfortunately  the  postero- lateral 
x-egions  of  the  movable  cheeks  are  broken  off.     The  character  of  the 
x-ostrum  may  be  easily  seen  from  the  figure.     The  facial  sutures  extend 
along  the  anterior  border  of  the  head,  of  which  the  rostrum  appears 
^  continuation.     The   movable  cheeks  become  attenuated  anteriorly 
.^nd  take  a  twist  which  gives  their  surface  s.  direction  in  the  same  plane 
■with  the  rosirum,  against  which  their  tips  are  accurately  fitied. 

Locality  and p^silien.  Soldier's  Home  Quarries,  Brown's  Quarry, 
I.udlow  Falls  (movable  cheek  and  part  of  a  glabella).  Fair  Haven  (a 
pygidium),  Fauver's  Quarry  (a  pygidium).     Clinton  Group. 

In  Ohio  this  species  is  the  most  widely  distributed  and  most  char- 
acteristic form  of  the  Clinton  Group.  It  would  be  interesting  to 
"know  if  this  is  also  the  case  in  Wisconsin  and  Illinois,  where  similar 
specimens  are  said  lo  occur  (Ohio  Pal.  Vol.  II.  p.  i^o). 

I  have  seen  this  species  in  the  collections  of  the  Central  Park 
Museum,  labeled  Hamburg,  Illinois. 

V.  Ilucnus  Mauisonianus.  Whitfield. 
{Plate  VIII,  Figi..  8,  9,  10.  loa.) 
Since  the  publication  of  the  last  p.iper  little  has  been  added  to  the 
knowledge  of  this  species.  In  thai  paper  two  specimens  were  de- 
scribed. The  first  plgidium  from  Huffman's  Quarry  was  very  convex 
and  had  the  anterior  edge  arching  decidedly  forwards.  The  other 
specimen  from  Sloli's  Quarry  was  much  flatter,  broader  and  less  arch- 
ing anteriorly.     At  Brown's  Quarrynumerouspygidiaarefovmd,  which 
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approach  the  lalter  specimen,  although  sometimes  quite  c 
more  or  less  arched  anteriorly.  Associated  with  these  pygidia  are  gla- 
bellar, which  would  be  referred  to  Hlienus  auibiguus  without  hesitalioQ, 
if  the  corresponding  pygidia  were  found.  However  the  following 
slight  distinctions  may  be  discovered.  The  anterior  margin  is  less 
curved,  the  curve  of  the  facial  suture  anterior  to  the  palpebral  lobe  is 
less  marked,  Iheglabclla  is  less  convex,  especially  along  the  median  line. 
All  of  these  characters  in  themselves  would  hardly  give  rise  to  a  new 
species.  Whether  there  are  two  species  with  different  pygidia,  but 
very  similar  glabella;,  is  unknown.  If  not,  the  glabella  of  Brown's 
Quarry  must  be  referred  to  lUanus  ambiguus.  I.ieut.  A.  W.  Vogdes 
writes  CO  me.  as  Prof.  Whitfield's  opinion,  that  the  pygidia  are  related  10 
those  of  IlUenus  itisignis.  Malt,  as  figured  in  N.  Y.  Report  of  Stale  Cab. 
ao.  Bui  these  evidently  do  not  belong  to  the  glabella  which  typifies  the 
species.  Hence  in  cither  case  the  affinity  of  the  pygidia  of  Brown's 
Quarry  remains  undecided.  More  material  is  perhaps  necessary  to 
determine  this  question  definitely. 

Locality  and  position.      Huffman's  Quarry,  Stolz's  Quarry,  Brown't 
Quarry,  C'linton  Croup. 


I  VI.     Ili^i^nus   ambiguus,   FoirsU. 

This  species  was  founded  upon  a  number  of  pygidia  and  gla- 
bella; which  have  a  wide  range  and  are  usually  found  associated  to- 
gether. In  the  first  paper,  figure  loc,  of  plate  XIV,  is  inaccurate, 
representing  the  upper  length  of  the  grooves  as  being  very  distinct, 
whereas  in  reality  this  part  is  very  faint  and  the  pits  at  the  extremity 
of  the  grooves  seem  to  be  isolated,  if  the  glabellje  be  not  carefully  ex- 
amined. 

Locality  and  position.  Soldiers'  Home  Quarries,  Fauver's  Quarry 
(pygidium  and  fragment  of  glabella),  Fair  Haven  (pygidium).  Clin- 
ton Group. 

A  hypostoma,  not  very  unlike  that  figured  by  Billings  under 
Asaphus  PeU'ps,  is  found  at  the  Soldiers'  Home  (Plate  VIII,  Fig.  ii). 
I  am  uncertain  with  what  Clinton  forms  to  place  it.  It  is  certain  at 
least  that  the  hypostomie  of  the  genus  Iltpenus  figured  by  Gerhard 
Holm,  in  his  work  on  the  Swedish  species,  are  very  unlike  the  hypos- 
toma in  question. 
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Genus  CALYMENE.  Brongniart. 
VII.     Cai.vmene  Vogdesi,  tp.  n. 
{Plate  Vlir.  Figs.  la,  13,  14,  15,  16.) 
Calymene  Blumenbichu  ?      Drongniitl,    D,   U.   Bull.,   Vol.    I,   p.   :io,  pi, 
Xlll.  fig.  jj. 

CaJymcnc .    D.  C.  Bull..  Vol,  I.  p.  109.  pi.  XIII,  fig.  34. 

Calymene  Clintoni,  Vi^dei,   i8Sj,  Acad.   Nat.  Sc.,  Phila.,   Proc.,   p,   178, 

fie-3- 

Head  semi-circular,  moderately  convex.  Glabella  with  three  lat- 
^n-sl  pairs  of  lobes;  the  posterior  pair  triangular-oval  and  well  defined; 
^e  middle  pair  half  the  size  of  the  latter;  the  anterior  pair  small. 
<jlabel1a  depressed  towards  the  occipital  furrow,  defined  from  the  an- 
•erior  half  of  the  fixed  cheeks  by  very  deep  furrows  which  merge  into 
a  groove,  defining  the  anterior  part  of  the  glabella,  and  separating  it 
tfrom  the  anterior  border.  Palpebral  lobes  slightly  anterior  to  the  mid- 
«lle  lobes  of  the  glabella.  Fi.xcd  cheeks  and  adjacent  parts  of  the 
movable  cheeks,  greatly  elevated,  curving  rapidly  downwards  towards 
ihe  sides  and  furrowed  along  the  border  by  a  deep,  broad  groove, 
■which,  anterior  to  the  fixed  cheeks,  merges  into  the  grooves  defining 
the  glabella.  Just  in  front  of  their  junction  a  low  tubercle  is  seen  on 
either  side  of  the  border. 

The  anterior  border  is  quite  long,  about  one-third  the  length  of  the 
glabella,  depressed  posteriorly  along  the  glabella  forming  a  groove, 
otherwise  quite  flat,  not  arched  in  the  middle,  and  elevated  at  a  slight 
angle  above  the  plane  formed  by  the  ba.se  of  the  head.  Facial  sutures 
parallel  anterior  10  the  eyes  along  the  fi.xed  cheeks,  then  curving  slight- 
ly outward  and  inward  again  to  the  anterior  edge  of  the  head. 

Thorax  trilobate  ;  the  mesial  lobe  convex;  lateral  lobe  broader,  at 
first  horizontal,  then  curved  backwards  and  downwards;  pleural 
grooved  anteriorly,  about  one-third  of  die  pleura  lying  in  front  of  the 
groove;  extremities  of  the  pleurse  unknown. 

Pygidium  strongly  curved,  almost  semi-circular  anteriorly,  moder- 
ately curved  posteriorly,  almost  straight  behind  the  mesial  lobe.  Mesial 
lobe  tapering  posteriorly  ;  the  anterior  portions  indefinitely  known  on  ac- 
count of  the  broken  condition  of  the  specimen,  but  apparently  there  is  a 
half  segment,  followed  by  six  segments,  terminating  in  a  wedge-shaped 
piece,  rounded  behind  and  equal  in  length  to  the  last  three  segments, 
lateral  lobes  with  segments  strongly  curved  to  conform  with  the  ante- 


rior  and  lateral  margins  of  the  pygidium,  the  last  pair  bordering. upon  ihe 
grooves  which  divide  the  mesial  rrom  the  lateral  lobes.  The  last  [air  of 
lobes,  together  wilh  the  posterior  border,  give  the  mesial  lobe  the 
peculiar  appearance  of  terminating  in  a  box,  or  rather  an  enclosure 
which  is  bounded  on  two  sides  by  raised  lines  almost  parallel,  and  of*" 
the  third  side  by  the  posterior  outline  of  the  pigidiura.  _^ 

The  size  is  readily  enough  obtained  from  the  figures  and  from  the 
description  of  the  form  formerly  described  under  C  Blumentachii. 

Associated  with  these  specimens  are  others  of  smaller  size,  de- 
scribed under  a  separate  heading  in  the  first  paper,  but  now  believed 
to  be  identical.  They  vary  from  ihe  typical  forms  in  possessing  a  less 
distinct  groove  along  the  anterior  edge  of  the  glabella,  the  groove 
almost  merges  into  the  flattened  surface  of  the  anterior  border,  the 
tubercles  at  the  junction  of  the  lateral  and  glabellar  furrows  are  scarce- 
ly visible,  often  obsolete  and  the  border  appears  raised  at  a  somewhat 
higher  angle.  However,  it  is  now  believed  thai  tlie  larger  specimens 
present  the  features  of  the  smaller  forms  in  a  very  marked  degree, 
magnifying  their  characteristics  so  as  to  seem  distinct. 

Lieut.  A.  W.  Vogdes  finds  a  form  at  Catoosa  Station,  also  in  the 
Hcraatitic  bed  at  Dug  Gap,  Clinton  Group.  Georgia.  This  he  idcQli- 
fied  with  Calpnene  CUntotii,  I'anuxeiii.  Kxpressing  the  belief  that  the 
Ohio  specimens  should  be  referred  to  the  same  species,  he  requested 
the  loan  of  my  specimens,  and  sent  me  his  in  return.  The  identity  of 
his  specimens  with  mine  is  apparent.  The  anterior  border  has  been 
flattened  down  by  pressure,  the  groove  anterior  to  the  glabella  is  thus 
made  indistinct,  the  irregularities  of  the  border  immediately  in  front 
of  the  groove  appear  as  indistinct  low  tubercles,  or  rather  an  uneven 
raised  line  is  formed  defining  the  groove  immediately  anterior  lo  the 
glabella. 

Since  I.ieut,  A.  W.  Vogdes  had  access  to  the  type  specimens  of 
Cahmcie  Cliniom.  at  the  Am.  Mus.  of  N'at.  Hist..  Central  Park,  N.  Y. 
and  I  doubled  the  identity  of  Ohio  forms  with  these.  I  requested  him 
(o  comjiare  the  specimens,  and  give  me  an  expression  of  his  ojjinion. 
He  did  so  vtry  kindly  and  thoroughly.  Considering  the  very  great 
similarity  of  the  species  of  Calymeue,  and  the  synonomy  to  which  this 
leads,  it  is  considerL-d  desirable  to  distinguish  a  new  species  carefully 
from  all  others  with  which  it  might  be  associated.  The  following 
notes  are  therefore  extracted  from  the  corresjiondence  of  Lieut.  A.  W. 
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ITie  first  is  the  well  known  Calym/ne  Blumtnbaeku  of  the  Wen- 
Jock  Series  of  England.  The  forms  of  ihis  species  represented  by 
Salter  (Paleont.  Soc.  Vol.  1863,  pi.  8,  figs.  7-16;  pi.  9,  figs.  1-5,  var. 
jAuctonim),  approach  the  American  species.  The  head  represented  on 
plate  9.  fig.  I,  from  the  Lower  VVcnlock  Grits  ( Niagara  Series),  shows 
Si  wide  frontal  margin  similar  to  the  Ohio  and  Georgia  forms ;  the  head 
figured  on  plate  i),  fig.  la,  has  a  straight  anterior  margin  with  a  nar- 
row limb,  whereas  the  American  forms  have  this  part  rouncjed  with  a 
comparatively  broad  limb.  The  pygidia  figured  by  Salter,  plate  8,  fig. 
Sc,  and  plate  9,  fig  ib.  have  a  general  similarity,  although  the  Ohio 
<brms  show  a  tendency  to  extend  their  side  ribs  more  to  the  rear,  giv- 
ing the  pygidium  a  semi-circular  outline. 

The  Bohemian  Upper  Silurian  form  described  by  Barrande  (Syst. 
Sil.  Boheme,  Vol.  1,  pi.  :9,  figs.  1-19,  Calymene  diadtmala,  Etage  E  ) 
■■epresents  a  form  with  a  broad  frontal  margin  (pi.  rg,  fig.  ii),  thick- 
ened and  incurved.;  whereas,  the  Ohio  species  has  its  frontal  margin 
extended,  the  anterior  border  of  the  head  forming  a  broad  and  even 
«;urve  about  the  head,  turned  slightly  upwards  and  not  arched  in  the 
middle,  the  limb  being  exceedingly  broad  and  separated  from  the  an- 
terior margin  of  the  glabella  by  a  deep  groove.  Barrande 'a  figure,  pi. 
19,  fig.  18,  represents  a  broadly  rounded  pygidium,  the  axis  being  an- 
teriorly broad,  and  ta|)ering  posteriorly,  marked  by  six  axial  rings. 
The  sides  are  marked  by  five  bifid  segments.  The  Ohio  species  has  a 
semi-circular  pygidium,  the  posterior  margin  being  almost  straight.  The 
axis  is  broad  anteriorly  and  tapers  posteriorly  to  a  rounded  extremity, 
marked  by  nine  well  defined  axial  rings.  The  sides  have  five  bifid 
segments,  and  a  posterior  undivided  pair.  The  anterior  segments  be- 
ing extended  backwards  to  such  a  degree  as  to  form  a  semicircle. 

Angelin's  figures  of  Calymeiu  sprdabilh  (I'al.  Scand.  pi.  19,  fig.  5, 
Reg.  E),  which  Salter  refers  to  Cafymene  Blumenbachii,  lacks  the 
broad  frontal  margin  of  the  Ohio  forms.  The  pygidium  of  this  species 
as  represented  by  Angelin's  figure  shows  the  common  rounded  poste- 
rior margin  of  the  English  species,  Calpneiie  Blumenbachii. 

The  American  Calymtne  Clinloni  is  distinguished  by  the  smooth 
side  lobes  of  the  pygidia,  It  is  found  in  the  Niagara  Group  shales,  at 
Rochester,  N.  Y.,  below  the  falls. 

Catyment  mammillata.  Hall,  (Geol.  Rep.  Wis.  i86i.  p.  50),  from 
the  shales  above  the  Trenton  Group,  has  "  its  anterior  border  extend- 
ed in  front  of  the  glabella  in  a  broadly  rounded,  thickened  projectiot* 


which  »  abniplljr  recurved  al  tlie  nutgin  and  marlfgJ  WMach  ode  bf 
M  nununilliriinn  lulicrclr."  Only  thr  UrKnt  Ohici  upccim^  ittam 
agru  tif  (he  niticrclcK,  and  ihc  mnrgin  tif  nunc  of  ihr  siwiimrnt  i*  i» 
curvrd-  It  is  hojicd  that  with  ihrte  com{)ari*anf  thr  chancier  and  ca- 
lent  of  ihu  tipaicicit  may  <!aiuc  no  irnublv. 

Named  after  Lieuienani  A.  W.  Voj^des,  who  has  aided  to  much 
in  the  duridation  uf  lliit  qtccie*. 

Ltt*^^  Midfoatmi.  Allen'a  Quarry,  Soldicre'  Hone  Quarriea. 
Ohio ;  Caloon  Sution.  Hetnatiiic  bed  at  Dv^  Uap.  Georgia  :  Chntoa 
Group. 

GsMtm  CERAURUS,    Crcea. 

VIII.     CKRAimus . 

(y%afr  Vlfl,  A«.  17.) 

Tht*  qMciei,  known  only  ti;  a  cinKk  gUhclla,  ■»  dittinci  frinn  anj 
known  to  rac  in  the  umc  tericn  of  rwcka.  HoweTci,  ii  ti  noi  deemed 
wIm  Io  give  it  I  ipccific  name,  since  that  might  oaljr  lead  to  unncce»- 
Mry  aytumcifny.    , 

Clahella  oval,  oonvet,  the  puturior  border  inclined  ID  be  atraij^u, 
with  three  pair*  of  furrows ;  the  pouerior  pair  arc  niuated  aboai  a 
ihiiJ  of  ihc  length  of  the  glaliclU  ff"rn  ihi-  j-i.tcrii.f  maf^-in  fif  the 
same,  ihcy  curve  gradually  iiiwardii  and  tuckwards,  lau^in^;  ihtr  ^blil 
la  tu  appear  lobatc.  A  little  in  from  of  the  middle  of  the  gUlx'lb  i> 
the  second  pair  of  furrows,  which  arc  ••huncr.  In  from  of  tht-v.-  .trr 
the  anterior  furrows,  not  so  decidedly  curved  backwards.  All  ihoc 
furrows  appear  to  consist  of  two  narrow  furrows  mtininK  ^cri  (1. -c 
together  in  a  narrow  groove.  The  little  trai  e  of  the  occipital  ^r<-<>\c 
remAininji  indicates  that  the  occi))ital  rin^  was  strongly  deproM-il  t>' 
wards  either  side. 

Lwttliiy  and ^lilion.     Brown's  Quarry,  Clinton  Croup 

GiMus  LICHAS,  Dalman. 

IX.       I.ICHAS   BREVICEP3,    Hall. 

{Pljle  Vlll,   Fis-  18.  19.) 
Since  the  publication  of  the  first  pa|>rr,  numerous  specimen*  ha>c 
been  found  at  John  Brown's  Quarry.     The  siriu  tare  of  the  head  is  no* 


mmiiii 


better  understood,  and  the  following  description  represents  ilie  present 

knowledge  of  the  same. 

Glabella  trilobate.     The  middle  lobe  broadly  rounded  anteriorly, 

laterally  deeply  incurved  and  almost  parallel,  posteriorly  produced  on 
either  side  si>mething  like  an  apothecary's  pestle.  Lateral  lobes  long, 
suL)-renifi)rm,  lying  against  the  incurved  portioti  of  the  mesial  lobe, 
bending  about  the  pestle-like  base  of  the  Utter.  Palpebral  lobes  reni- 
tforin,  the  conveii  side  turns  outwards,  the  anterior  part  attenuated,  the 
inner  side  depressed  and  defined  from  the  fixed  cheeks  by  a  groove 
more  or  less  distinct.  Fixed  cheeks  between  the  eyes  and  glabella  are 
ovate  in  form,  at  the  base,  however,  they  extend  laterally  along  the 
posterior  part  of  the  head,  the  facial  sutures  cutting  the  posterior  mar- 
gin of  the  same.  Between  the  fixed  cheeks,  the  lateral  lobes  of  the 
glabella,  the  tips  of  the  me.sial  lobe,  and  the  occipital  ring,  lie  on  cither 
aide  small  laterally  extended  tubercles,  well  defined  by  furrows. 
►  The  hypostoma  of  this  species  is  frequently  found.     The   figure 

■"wrill  readily  enough  distinguish  the  same. 

Localily  and  position.     Brown's  Quarry,  Soldiers'  Home  Quarries, 

Tair  Haven  (a  glabella),  Clinton  Group. 

f  Genus  PHACOPS,  Emmrich.  ,^^B| 

X.      PHACOPS  rULCKELLUS,   Sp.  tt.  ^^^^^^1 

(PlateWn,  Fig.  4,  la,  21.)  V 

Arionellu-i — ,  D.  U.  Bull..  Vol.  I,  p.  n+.  pi.  XIV.  fig.  3,  H 

Head  semi-circular,  convex.     Glabella  convex  and  broadly  round-  ■ 

«d  anteriorly,  narrowed  posteriorly,  marked  by  three  sets  of  grooves.  ■ 

all  of  them  curved,  the  convex  side  being  directed  ujiwards  or  inward.  ^ 

The  first  set  consisting  of  two  pairs  of  grooves  are  hori.!ontal,  the  rest 
«xtending  from  the  lateral  terminations  of  the  latter  upwards  and  oui- 
■wards.  In  DalmaaiUs  these  pairs  become  confluent  at  the  adjacent 
terminations  and  form  the  grooves  distinguishing  the  anterior  lobe  of 
the  glabella,  so  characteristic  of  that  genu.s.  The  second  set  are  also 
horizontal,  the  inner  ends  being  directed  slightly  upwards.  The  third 
set  separates  the  anterior  portion  of  the  glabella  from  the  remainder, 
extending  across  the  axis  as  an  indistinct  shallow  groove.  Between 
the  third  set  and  the  well  defined  occipital  furrow  the  glabella  becomes 
suddenly  depressed  and  compressed  laterally,  forming  a  sort  of  pedes- 
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Ul  for  ihe  nnterior  portions  of  the  glabella.     The  eyes  are  large.    The 
occipital   furrow  conliniies  as  a  well  defined  groove  along  ihc  jkb- 
terinr  margin  of  the  head.     The  border  anterior  to  the  head  is  Mr- 
row,     The  character  of  the  poslero-lateral  corner  of  the  same  is  un- 
known, but  judging  from   the   usual   characters  of  the  genuS  it  »« 
probably  slightly  rounded  and  destitute  of  spines.      The  facial  suture* 
follow  closely  the  anterior  outline  of  the  glabella  to  the  palpebral  bbcs- 
from   the  posterior  parts  of  these  they  proceed   laterally,  culling  tb* 
lateral   margins  of  the  head  a  short   distance  above  th«  postero-laieT^ 
corners.     Viewed  directly  from  the  front  the  facial  sutures  are  seen  ' 
be  slightly  depressed  along  the  middle  of  the  anterior  edge  of  the  gl^^^ 
bella.     The  same  is  true  of  the  adjacent  rim  of  the  head. 

Length   of  largest  specimen   found,    15  rara  ;  breadth,  about  9.^^ 
mm.      Length  of  glabella  to  occipital  furrow,  5  mm;  greatest  width,.*' 
5.7  mm,  width  just  above  Ihc  third  set  of  furrows,  3.  i  mm.      Associ-  " 
ated  with  these  forms  is  a  pigidium  which  is  similar  to  that  of  Ptottiu  "^ 
planimarginatus,  Afetk,  of  Ohio  Devonian  strata,  but  which  is  placed  here 
both   on  account  of  its  relative  frequeney  at   the  Soldiers'  Home  and 
because   other    species,    undoubtedly  of  this  genus,    possess   similar 
pygidia. 

These  pygidia  are  broad;  the  curvature  of  the  anterior  edge  is 
moderate  :  the  middle  lobe  is  prominent  and  very  convex,  ending'  ab- 
rujitly  posteriorly;  segments  about  nine  in  a  well  developed  sjiecimen, 
each  segment  with  a  tubercle,  these  forming  a  median  row.  Lateral 
lobes  moderately  convex,  with  seven  or  eight  segments,  becoming  in- 
distinct posteriorly.  Segments  all  grooved  along  the  middle,  that  part 
of  the  pygidium  which  lies  behind  the  termination  of  the  middle  lobe 
does  nul  show  evident  segmentation.  Posteriorly  the  margin  is  thick- 
ened along  the  edge  of  the  pygidi 
in  the  i>osierior  edge  leaving  a  ])lane  1 

In  Prih-tus plariimiirgiriatiis  the  ct 
ilar  groovings.  l)i;t  the  postero- lateral 
flat  border  between  its  anterior  margi 
the  edge  of  the  head,  the  tubercles  ; 
rounded.     The  pygidia  have  the  sam 


ail  : 


,  so  that  a  groove  is  formed  with- 

margin  which  vanishes  anteriorly. 

;ntral  lobe  of  the  glabella  has  sim- 

margins  are  enlarged;  there  is  no 

ind  the  groove  running  along 

I's  are  also  smaller  and  more  nearly 

ame  general  form  and  the  same  me- 

of  tubercles  along  the  middle  lobe,  but  the  groove  e.xtends 

lund  the  later.il  and  posterior  margin,  and  leaves  a   1 

,  from  which  it  derives  its  name. 
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I  Length  of  pygidium,  7  mm;  breadth,  iz  tntn 
portion  of  middle  lobe,  4  mm,  near  the  posterior 
the  marginal  groove  vanishes  between  the  third  ; 
of  the  lateral  lobes. 

Name  signifies  small  and  beautiful. 

Locality  and  position.     Soldiers'  Home  Qi 


collectors   with   small  specim 
Group. 


width  < 
;rmination,  2   mm  I 
id  fourth  segments 


Confounded  by 


•  of  Z>a/manites   Wcrthneri.     Clioton 


Genus  DALMANITES,   Emmrich. 

»XI.      Dalmanites    Werthneri,   Foerste. 
{Plate  VIII,  Figs.  22,  22a,  23,  24,  25.) 
The  figures  of  this  species,  omitted  from  the  original  description, 
are  added  here,  for  readier  determination. 

Lomlity  and  position.     Soldier's  Home  Quarries,  Clinton  Group. 

^H  Genus  ENCRINURUS,    Kmmrich, 

^^V  XII.      En'criniirds  Thresheri,  sp.   n. 

^^  (Plate  VIII,  Fig.  36.) 

I  -^  Pygidium,  on  account  of  the  f-reat  compression  and  depression 
of  the  lateral  lobes,  is  longer  than  broad.  The  general  form  is  trian- 
gular, highly  arched  along  the  entire  length  of  the  mesial  lobe.  Me- 
sial lobe  broad  .interiorly,  becoming  gradually  attenuated  posteriorly, 
crossed  by  segments,  about  18  in  number,  becoming  indistinct  poste- 
riorly. The  segments  are  all  more  or  less  interrupted  along  the  me- 
sial line  of  the  lobe,  and  beginning  with  the  anterior  segment,  each 
third  segment  is  supplied  with  a  tiiliercte,  /.  e,  the  segments,  i,  4,  7, 
10,  13  and  i6.  The  suppression  of  the  middle  part  of  the  anterior 
three  segments  is  less  evident.  The  lateral  lobes  are  marked  by  seven 
segments.  The  anterior  segments  are  directed  laterally  for  a  short  dis- 
tance and  then  are  deflected  in  a  broad  curve  to  the  rear.  The  posterior 
deflection  of  the  succeeding  segments  becomes  more  marked  until  the 
seventh  pair  extends  in  a  parallel  direction  backwards  from  the  mesial 
lobe.  The  inner  terminations  of  the  interrupted  segments  of  the  me- 
sial lobes  form  low  nodules,  often  indistinct.  A  similar  set  may  some- 
times be  distinguished  along  the  edges  of  the  mesial  lobe.     The  seg- 
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ments  of  the  lateral  lobes  are  narrower  than  the  intervening  gioovcs, 
and  supplied  with  three  or  four  sets  of  indislini:t  nodules. 

Emrinurus  deltoidem,  Shumard,  from  the  Cape  Girardeau  Liint- 
stone,  Missouri,  may  be  distinguished  by  its  rounded  extrcroliy,  iis 
greater  number  of  segments  (24)  alot)g  the  mesial  lolje,  and  also  along 
the  lateral  lobes  (8  segments).  The  segments  of  the  lateral  lobes  are 
twice  as  wide  as  the  furrows  between  them,  and  are  devoid  of  nodules- 

Enerinurui  titreus.  Hall,  from  the  Racine  beds  of  Wisconsin, 

be  distinguished  by  the  greater   number  of  segments  (8  or  9)  on 

lateral  lobes,  as  far  as  known   not  tuberculated  :  judging  by  the  figure 

of  the  type  sjiecimen  a  raised  narrow,  but  distinct  ridge  runs  aloi^  O* 

,   lateral  borders  of  the  middle  lobe, 

Encrinunis  Amtricaniis,  Vngdes,  from  the  Clinton  Group  of  Qc<^ 
gia,  may  be  distinguished  by  the  smaller  number  of  segments  1* 
along  the  lateral  lobes  ;  the  segments  are  almost  twice  as  broad  as  H* 
deep  intervening  grooves,  are  flat  and  even  slightly  grooved  along  t 
top,  and  are  destitute  of  nodules,  as  far  as  known. 

Enninunti  eleganhilus,  Biliings,  from  the  Antlcosti  Group  of  Can- 
ada, may  be  distinguished  by  the  greater  number  of  segments  (24) 
along  the  middle  lobes,  tlie  anterior  8  extending  entirely  across,  the 
rest  being  interrupted,  the  free  mesial  space  without  tubercles.  There 
are  only  5  pairs  of  segments  on  the  lateral  lobes.  They  agree  how- 
ever in  the  origin  of  the  segments  of  the  lateral  lobes,  when  compared 
with  the  position  of  the  segments  on  the  middle  lobe. 

Encrinurns  onmtus.  Hall  and  Whitfitld,  from  the  Guelph  lime 
stones  of  Ohio,  may  be  distinguished  (if  the  figures  of  the  type  sped 
men  are  correct)  by  the  segments  of  the  lateral  lobes  having  a  lea 
abrupt  backward  direction,  and  being  all  situated  along  the  side  of  lh4 
middle  lobe  (whereas  in  E.  Thresheri  the  seventh  pair  extend  poster 
orly  from  the  same).  The  arrangement  of  the  mesial  tubercles  alon| 
the  middle  lobe  is  also  different,  being  situated  on  the  second,  finh, 
ninth,  thirteenth,  seventeenth,  and  perhaps  one  on  a  later  segment,' 
If  now  the  tubercle  on  the  second  segment  be  omitted  the  remainder 
are  evidently  seen  to  be  separated  each  time  by  three  segments  ( instead' 
of  by  two  as  in  E.  Tkresheri). 

Enerinurus  punclaius,    Wallenberg,  of  Sweden  and  elsewhere  i 
Europe,  may  be  distinguished,  it  is  said,  by  a  single  row  of  nodes: 
along  the  middle  of  each  lateral  lobe  (whereas  the  fourth  segment  of 
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the  lateral  lobes  in  E.  Thftshtri,  shows  4  tubercles,  and  ihe  anterior 
segments  probably  presented  more. 

Encrinurus  funclalus.  Hall,  from  the  Qinton  Group  of  New  York, 
if  it  be  identical  with  Encrinurus  omahis,  will  of  course  be  dbtin- 
guished  by  the  same  characters  as  those  mentioned  under  that  species; 
the  number  of  tubercles  or  nodes  in  the  New  York  and  Ohio  Clinton 
specimens  and  the  size  of  the  pygidia,  however,  agree  better  than 
■when  the  pygidia  of  the  New  York  and  Ohio  Guelph  specimens  are 
compared.  At  any  rate,  the  Clinton  forms  are  distinct  from  the  lypi- 
<:al  specimens  of  E.  punctatus  from  Europe,  and  from  the  species  de- 
scribed as  E.  ortuitus,  from  the  Guelph  strata  of  Ohio, 

Named  after  Mr,  B.  B.  Thresher,  of  Dayton,  in  whose  cabinet  the 
■    type  specimen  is  found. 

Locality  and  position.     Clinton  Group. 

GASTEROPODA. 
Genus  BUCANIA,  Hall. 

BUCANIA    TRILOBATA.    Hall. 

{Piatt  Vm,  Fig.  II,  a,  b.) 

Shell  convolute,  volutions  in  the  same  plane,  contiguous  ;  later- 
ally compressed.  Body  of  the  shell  strongly  lobed,  the  dorsum  being 
laterally  compressed  and  thus  separated  by  a  sort  of  groove  from  the 
lateral  portions  of  the  volution,  giving  rise  to  one  dorsal  and  two  lat- 
eral ridges  or  lobes.  The  form  of  the  aperture  is  not  seen  in  our  Ohio 
specimens,  but  would  naturally  conform  to  the  trilobate  structure  of 
the  last  volution. 

Authors  are  inclined  at  present  to  abandon  the  gentis  Bucania, 
and  to  place  the  forms  referred  to  it  among  the  BelUrophons.  We 
have  seen  fit  to  retain  this  name  in  this  case  purely  as  a  matter  of  con- 
venience. There  is  already  a  species  called  Btilerophon  trilobatus,  de- 
scribed by  Sowerby,  in  his  "Silurian  System",  a  European  form. 
From  this  our  form  may  be  readily  distinguished  by  the  lateral  com- 
pression of  its  last  volution.  The  European  form  on  the  other  hand 
has  this  volution  decidedly  flattened  transversely,  being  elliptical  in 
section  ;  the  middle  lobe  is  comparatively  much  broader  and  not  so 
much  elevated  above  the  lateral  lobes.  Our  si)ecimen  differs  from  the 
New  York  types  chiefly  in  size,  being  comparatively  exceedingly  small. 


I04  DLn-rris  or  the  LAMRAToRrn 

It  may  be  noli-d,  huwcvrr,  in  this  coonKtiun  i)i>l  il  ii  JMUciaud  widi 
a  nutnlict  or  small  ToitiU,  whitih  apfMtrnily  are  (I«|iiu|ier«tc  fonm  o( 
other,  wrll-ktiuwn  HpecicH. 

LataSfy  and  faiOtot.  Heavenown  marl,  Huffnun't  Qiuny. 
CUDton  Croup. 

1.AMF.U.IIIKANCI1IATA. 

Okkus   PTEKIN'EA,  Goldrtin. 

PrCHIlEA   DRISA,    i/aU. 

<llBlc  VIII.  Fig.  io.) 

Since  ^ihc  docriplioD  of  th«  *]>cciinmi  rron  i\>e  Soldicn' 
Hoar  Qtiarrin,  a  brgr  number  of  quite  pcrfevl  ipccimmt  have  Iwn 
obotiwd  fruin  Bro«n'«  Quarrir,  near  New  CarlUle.  A  very  finr  «{iea- 
men,  l)t:h>aging  to  the  oiliioel  of  Prof.  \V.  S.  HiMkinwo,  b  h«v  %• 
tired. 

Tbcy  arc  nil  Irf)  valrct.  The  \m\f  of  the  «hrll  im  obliquely  v 
eaOemHy  inequiUlcra) ;  the  aotrrior  wtn{[  it  fJlhci  l(i&|[,  ind  d 
\j  ■iniuu  u  iu  Jutictiufl  wtUi  the  body  of  the  «hell ;  the  [Mwicnor  wn| 
k  aruie  and  cMcnd*  aJmoat  if  mit  i|uite  aa  Eu  aa  the  poMcrior  evtrew- 
ity  I'f  thr  thcll.  'TTiir  iimt...  i,  |.r..inintnl.  min^f  aliivc  thf  hint:'-  ''"' 
The  anii-riiir  wing  is  Jt-iircssi-d  aniirol.iiiT.illy  al"np  ihc  hin^-r  ?inr. 
giving;  sometiitics  thi>  clc<  vplivc  ajijicur.iiKc  of  a  hinpc  line  vtrr-n^;!! 
bent  al  the  lieak>  (as  in  figure  9.  plale  2K.  Ceol.  Siirv.  Ind  .  Klevcnih 
R<1iiiri).  The  surfai  e  is  marked  by  niinieroiiv  disiimi  railiatinj;  and 
<-oncenirii-  stri». 

(iTir  ^(>ei  imen*  ciinipare  very  well,  as  near  a"!  we  ran  jud^ie.  mth 
the  ly|ie  figured  from  llridgc|Kirt,  Illinois  The  ln<IUna  s|«^iim-n-  rr 
lerred  10  this  s{>ecies  have  a  <.i)m|>ar.itively  greater  width,  mej^unn^ 
vertically  from  the  hinge-line  ;  the  <  onrentri<  siria-  are  imially  in  the 
form  of  prominent  bmellx,  recurving  al  their  edges,  often  fiml-nated. 
charai  tcrs  which  our  sjk-i  imens  never  present. 

■  .englh  of  one  of  the  largc-t  s|K:<imens.  measured  from  the  uml-i 
to  the  jjinlcrior  c»lrcroity  of  the  hinge  line.  iS  mm.  to  the  |>osten.'r  ei 
tremity  of  the  Itody,  11  mm;  width  meaMired  from  the  hinge  line  vet- 
titally.  14.5  mm. 

J-M-tliti  and p^nUkn.  lirown's  Quarry,  S<)tdicrj'  Home  Qujrr;rv 
Cl.ni..„(i,u,,|,, 
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BRACHIOPODA. 


I.     Streptorhyncus  tenuis,  ....         HalL 

II.     Strophomena  patenta,        ....  HalL 

Genus  STREPTORHYNCUS,  King. 

I.  Streptorhyncus  tenuis,  Hall. 
{Plate  VIII,  Fig&,  31,  32,  38.) 

Shell  quite  large,  semi-circular ;  cardinal  line  less  than  the  great- 
est width  of  the  shell,  cardinal  extremities  rounded.  Ventral  valve 
flat,  the  beak  and  immediately  adjacent  portions  slightly  elevated.  In 
the  description  of  the  type  specimens  this  valve  is  said  to  be  slightly 
concave.  Our  valve  can  not  be  said  to  be  anything  more  than  flat- 
Dorsal  valve  moderately  convex,  the  umbo  not  prominent;  convex- 
ity, with  the  exception  of  a  little  compression  near  the  cardinal  ex- 
tremities, regular. 

Surface  marked  by  numerous,  rounded,  radiating  striae,  somewhat 
curved  near  the  cardinal  extremities;  alternating  with  these  are  smaller 
thread-like  striae.  I'hese  radiating  striae  are  crossed  by  fine  concentric 
striae,  presenting  when  magnified,  a  beautiful,  rugose  appearance. 
Substance  of  the  shell  very  thin. 

One  of  the  largest  ventral  valves  is  30  mm.  long,  and  36  mm, 
wide.  Our  specimens  therefore  do  not  attain  the  size  of  the  Indiana 
specimens.  A  dorsal  valve  is  22  mm.  long,  30  mm.  wide,  and  meas- 
ures 26  mm.  between  the  cardinal  angles;  its  convexity  is  about 
3.2  mm. 

Locality  and  position.  This  is  quite  a  common  species  in  one  part 
of  the  Soldiers'  Home  Quarry.     Clinton  Group. 

Genus  STROPHOMENA,    Rafinesque. 

II.  Strophomena   patenta,   Hall. 
{Plate  VIII,  Fig,  34,  35,  36,  37.) 

Leptc-ena  patenta,  Hall,  1S52,  Pal.  New  York,  Vol.  II. 

Strophomena  patenta.  Hall,  1859,  12th  Ann.  Rep.  Cab.  Nat.  Hist,  of  New 

York. 
Strophomena  euglypha,  Roemer,  i860,  Sil.  Fauna,  West.  Tennessee. 
Strophomena  patenta.  Hall  and  Whitfield,  1875,  Pal.  Ohio,  Vol.  II. 

Shell  of  moderately  large  size.     At  various  stages  of  growth  they 
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present  a  very  different  appearance,  so  as  often  lo  suggest  distin 
cies,  as  may  fae  noticed  by  the  following  descriptions. 

Ventral  valve,  length  6.7  mui,  width  8  mm.  Valve  mod 
convex,  the  cardinal  extremities  compressed,  umbo  moderately 
nent.  The  corresponding  dorsal  valve  is  moderately  concave,  g 
concavity  near  the  beak. 

Ventral  valve,  length  1 1  mm.  width  14  mm.  Valve  strong 
vex,  esperially  at  the  umbo  which  is  about  one-third  the  distaoc 
the  beak  lo  the  anterior  margin;  the  cardinal  extremities  comp. 

Ventral  valve,  length  15  mm,  width  19  mm.  Valve  com 
pecially  at  the  umbo,  which  is  one-fourth  the  distance  from  the 
the  anterior,  lateral,  and  postero-lateral  extremities  flattened  o; 
pressed.  The  corresponding  dorsal  valve  is  slightly  concave,  its 
est  concavity  being  about  one-fourth  the  distance  from  the  beak, 
cardinal  extremities  are  quite  flat. 

Ventral  valve,  length  18  mm,  width  24  mm.  Valve  with  c. 
extremities  ijuite  flat ;  the  regions  about  the  umbo,  which  is  01 
the  distance  from  the  beak,  convex ;  moderately  concave  beyo: 
centre,  towards  the  anterior  and  lateral  margins  These  marj 
the  dorsal  valve  are  slightly  convex. 

Ventral  valve,  length  35  mm,  width  33  mm.  Concave  in  ^ 
with  a  convex  umbo,  whose  greatest  convexity  lies  at  about  one 
the  dist^iTice  fnim  tixj  be^ik.  The  dorsal  v;ilve  concave  with  ih 
rior  and  lateral  regions  moderately  convex.  This  is  of  the  form 
New  York  specimens  which  formed  the  type  of  this  species, 
never  seem  to  arrive  at  the  stage  presently  to  be  described;  th 
tions  are  also  coarser  than  those  of  the  Ohio  forms. 

Ventral  valves,  length  i8,  width  35.  Valves  convex  for 
half  their  length,  the  umbo  being  very  close  to  the  beak,  beyoi 
middle  anteriorly  and  laterally  they  become  strongly  recurv. 
geniculate  in  some  individuals.  The  corresponding  dorsal  v; 
moderately  concave  for  ha!f  its  distance,  then  .strongly  bent  or  ^ 
late  for  the  remainder  of  the  distance  towards  the 


margins. 

Shell  marked  by  numerous,  fine,  radiating  stris;  in  young 
mens  certain  of  the  striie  at  more  or  less  regular  intervals  b 
more  prominent,  in  the  typically  strO|)homenoid  manner.  In 
specimens,  the  prominence  of  these  stria;  no  longer  is  sufficient 
tract  attention,  or  is  even  entirely  lost,     .\ftcr  the  removal  of  tl 
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«xterior  crust,  these  striae  often  appear  as  radiating  series  of  papillie, 
especially  prominent  and  distinct  near  the  anterior  and  lateral  margins. 
Laeality  and  position.     Soldiers'  Home  Quarries,  Fauver's  Quarry, 
Oentreville.     Clinton  Group.     Also  in  New  York  and  Tennessee. 

GRAPTOUTID^. 

I,      Dictyonema  pertenue,  .... 

II.     Dictyonema  seal  ari  for  me, 

Genus   DICTYONEMA,   Hall. 

I,     Dictyonema  pertenlk,  sp.  n. 

{PtaleMWX,  Figs.  17,  a,  6.) 

Frond  infundibulifonn,  composed  of  numerous  slender  branches 
connected  at  intervals  by  fine  transverse  dissepiments,  thus  forming  a 
fenestrated  expansion.  The  branches  are  more  or  less  cylindrical  in 
form,  about  .23  mm.  broad,  and  from  1.3  to  2  times  iheir  own  width 
distant  from  another ;  they  increase  by  dichotomous  division,  adjacent 
branches  are  parallel,  about  9  branches  occupying  a  widlh  of  5  mm. 
The  dissepiments  are  very  fine,  about  .025  mm.  thick;  owing  to  their 
fineness  they  can  not  be  readily  discovered  in  all  parts  of  the  fronds, 
nor  can  their  arrangement  be  accurately  determined,  but  on  an  aver- 
age ihey  seem  to  be  about  1  mm.  or  slightly  less  apart.  Non-cell  ulifer- 
ous  face  marked  by  strong,  short,  curved  strife,  suggestion  the  appear- 
ance of  twisted  strands.  The  celluliferotis  face  has  not  been  seen, 
however  abraded  specimens  frequently  leave  impressions  of  the  cells 
in  the  rock  from  which  the  following  characters  are  drawn  up.  Cells, 
circular  at  their  apertures  and  protruded  from  the  surface  of  the  frond, 
arranged  in  a  single,  straight  series  along  the  middle  of  the  branches. 
The  cells  are  aliout  .18  ram.  in  diameter,  and  a  lilile  more  than  iheir 
own  width  apart,  about  ii  cells  occupying  a  length  of  5  nim.  The 
frond  from  which  this  description  was  prepared  is  a  flabellale  fragment 
13  mm.  in  length. 

The  name  signifies  verji  sUnder. 

Dietyonona  ptrgradk.  Hall  and  Whilfield,  is  described  as  a  species 
in  which  the  branches  do  not  exceed  ,5  mm.  Our  specimens  are  only 
half  that  size,  but  since  the  minimum   width  in  the  Kentucky  speci- 
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mens  is  not  mentioned,  ihis  can  not  assist  in  the  identilicatioD  of  o 
specimens.     However  the  branches  of  our  specimens  are  not  evident)/ 
tortuous,  nor  are  the  fenestrules  elongate  hexagonal  in  form. 

Dictyonema  sfiUndens,  BilUngs,  is  said  to  have  "  longitudioil 
stems  about  one-third  of  a  line  wide,  and  about  their  own  width  dis- 
tant from  each  other.  There  are  five  or  six  longitudinal  stipes  in  the 
width  of  two  lines,"  a  very  suggestive  mathematical  problem.  Oiviog 
it  a  fair  interpretation,  there  are  5  or  6  branches  instead  of  S  in  a  width 
of  2  lines,  and  the  branches  arc  probably  somewhat  broader  than  m 
our  own  specimens. 

In  neither  case  is  any  mention  of  the  cells  made.  All  three  forms 
may  eventually  prove  to  belong  to  the  same  species.  At  present, 
however,  our  form  appears  a  well  defined  species  with  close  and  nar- 
rower branches  than  any  hitherto  described. 

Locality  and pmition.  Soldiers  Home,  near  Dayton.  Ohio.  Clin- 
ton Group. 

II.     Dictyonema. -SCALARIFORME,  j/.  n. 
(P/ale-VlU,  Figs.  2%.  29.) 

Frond  infundibuliform.  Branches  of  medium  size,  from  once  to 
twice  their  own  width  distant  from  each  other,  dividing  dichotomously 
and  connected  by  transverse  bars  or  dissipiments  one-fourth  or  ( 
third  their  width.  The  dissepiments  are  stationed  at  unetjual  distances 
from  each  other,  varying  from  once  to  twice  the  distance  between  the 
branches,  and  leaving  quadrangular  or  oblong  fenestrules  between  the 
same.  The  celluliferous  side  of  the  frond  has  not  been  seen  ;  in  places 
however  where  the  frond  has  been  abraded  the  position  and  the  fr<s 
quency  of  the  cells  is  distinctly  shown.  Judging  from  this,  they  are 
placed  in  a  single  row  along  the  middle  of  each  branch;  there  are' 
about  13  cells  in  a  length  of  5  mm  ;  these  cells  seem  to  have  an  ob« 
lique  upward  direction,  consecutive  cells  leaning  upon  those  in  front 
of  them,  thus  forming  a  narrow  ridge  or  keel;  at  their  tips  the  cells 
seem  to  have  become  more  or  less  free,  and  to  have  developed  circu- 
lar apertures.  Non-celluliferous  face  striated  obliquely  by  short,  curved 
strite  suggesting  twisted  strands. 

Frond  here  described,  a  flabellate  fragment,  40  mm.  long  and  35 
mm.  broad.  From  10  to  13  branches  occupy  a  width  of  10  mm,  and 
from  10  to  13  dissepiments  occupy  the  same  distance  in  length.     The 
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branches  where  they  are  well  preserved,  are  from  .5  mm.  to  .65  mm, 
wide.     The  dissepiments  vary  frotn  .1  mm.  to  .22  mm.  in  thickness. 

The  name  signifies  ladder  sitaped. 

This  species  is  evidently  related  to  Dietyenema  retiformt.  Hall,  dif- 
fering from  the  same  in  the  narrower  branches  being  more  compactly 
arranged,  the  dissepiments  likewise  occurring  at  shorler  intervals.  Ac- 
cording to  Prof,  J.  W.  Spencer  the  branches  of  D.  reliforme  are  on  an 
average  about  one  millimetre  in  width.  The  largest  branches  of  our 
specimens  do  not  attain  this  width. 

Locality  and  position.     Soldiers'  Home.  Clinton  Group. 

Graplolites  of  this  genus  usually  appear  as  black  strands  on  the 
surface  of  the  rock.  In  this  connection  it  is  interesting  to  note  that 
the  cell  walls  of  SHctopora  gracilis,  Spencer,  present  the  same  ajipear- 
ance,  momentarily  suggesting  a  graplolite. 


Fig. 


Fig-  3- 
pebral  lobe. 

Fig.  4.      Phacepi  fulchtllus, 
Fig.  5,     Preetui 


)a  Orloni,  n.  sp;  a  heail,  anrerior  margin  unknon'n. 
Jelfrminalus,  n   if;  a  glabella  with  pari  of  nnlerior  border. 
'Iiltrniitiattts,  n.  sp:  a  glabella,  wiih  alUched  border  sod  pal- 


,■  a  glabella 


'iiha 


r  border  and   ]>alpebra] 


Fig-  6. 
edged  poster! 
froro  Ludlow 

Fig.  T. 

Fig.  8. 
Fig.  9- 
Fig.   .0. 
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Fig. 


Fig.  15. 
Fig.  16, 
F^.   17, 


lUirnus  DayhiteHtii,  Hall  ami    IVkilfielil;  ro&irum  in  position,  sharp 
i-lateral  margins  of  movable  cheeks  broken  off;  a,  a  movable  aheek. 
Falls, 
Menus  MaJiioaiama,  Whitfield;  a  glabellB.  very  doobtfulty  referred 

lUiEHus  Modissuianm,  Whilfiibt;  pTgidium,  with  paraboloid  omline. 
/lliiHHs  MoilismioHUS,   IVhi^tld;  pygidiam,  somewhat  broader, 
IlUrwu  Madiimimmi,  Whifjiild:    pygidium,  semi -circular,  nol  pnrabo- 

A  hypostoma,  very  doublfully  referred  to  some  spi-cics  of  IHarnus. 
Calptunt  I'ogiieii,  tt.  sfi;  head  of  lype  5|iecimen, 
CalymiHt  I'ogdfsi,  n.  sp;  profile  along  'fie  middle  of  the  same. 
Cafymtiu  Vogdisi.  «,  sp;  head  af  a  younger  specimen. 
Caiymetw  VogtUsl.  n.  sp;  profile  along  the  middle  of  the  same. 
Cafymetle  I'ogdesi,  n.  >p;  characteristic  pygidium. 

Cttaurus ;  a  glabella. 

Uchas  brn-iftps.  Hall;  a  glabella,  with  pari  of  a  f.sed  cheek. 
Liehai  irevietpt.  Hail;  a  hypostoma. 
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III. 

On  the  Determination  of  the  Horizontal  Component  of  the 

Earth's  Magnetic  Force. 

BY    L.    E.   akins. 

The  method  I  have  used  in  the  determination  of  H  is  the  one 
used  at  the  University  of  Glasgow.  The  attractive  feature  of  the 
method  is  the  simplicity  with  which  the  ratio  of  m  to  H,  and  the  pro- 
duct of  mH  are  determined,  where  m  is  the  magnetic  moment  of  a 
given  bar  magnet.  The  apparatus  used  is  a  small  Bottomley  magnet- 
ometer and  a  deflecting  bar  magnet. 

The  cut,  which  is  exactly  one  half  full  size,  fully  illustrates  the " 
magnetometer,  except  that  the  needle  needs  a  little  explanation. 
The  one  I  used  consists  of  two  bar  magnets  about  eight-tenths  centi- 
metres long  and  one-tenth  centimetre'  wide,  and  as  thin  as  the  steel 
can  be  conveniently  worked.  The  magnets  are  fastened  with  shellac, 
like  poles  together,  to  the  back  of  a  small  mirror  and  suspended  by  a 
single  silk  fiber  as  in  the  cut.  I  silver  my  own  mirrors,  using  the  short 
process  given  in  Roscoe's  Chemistry,  Vol.  II.  With  care  in  cleaning 
and  by  keeping  the  glass  quite  warm  while  the  silver  is  being  precijn- 
tated,  a  very  good  mirror  can  be  obtained.  The  mirrors  I  used  were 
small  microscope  covers  five-tenths  centimetres  in  diameter. 

The  first  experiment  is  to  find  an  expression   for  -yt  which     is 

accomplished  as  follows.  The  magnetometer  is  set  up  so  that  its  nee- 
dle is  in  the  magnetic  meridian  of  the  place  and  its  centre  directly 
over  the  point  where  a  line,  exactly  at  right  angles  to  the  N.  and  S. 
line,  cuts  that  line.  A  very  convenient  arrangement  for  this  consists 
of  two  boards,  each  eight  inches  wide,  one   five  feet  long,  the   other 


jfewii- 


■^P 


on,  and  deflecrions  taken  ;  ihen,  r.  I.  a.  m.  H.  meaning  same  as  before, 
-^==(r*  +  I*)''-2Tana.  (i) 

The  magnetometer  is  now  removed,  and  the  bar  magnet  sus- 
pended by  a  single  fiber  of  silk,  where  the  magnetometer  stood. 
The  ingenuity  of  the  experimenter  will  best  find  a  way  for  doing  this. 
It  is  well  to  fasten  a  very  small  mirror  to  the  suspension  fiber,  so 
that  the  period  may  be  observed  from  the  reflected  light  on  the  scale. 
The  fiber  in  this  case  should  be  as  long  as  possible  to  make  the  error 
due  to  its  torsional  rigidity  as  near  a  minimum  as  possible.  If  the 
fiber  be  twenty  centimetres  long,  the  error  will  be  so  near  lo  zero  as 
not  to  practically  effect  the  result.  The  equation  Mr.  Gray  gives 
for  the  determining  of  T  in  terms  of  m  and  H  is  tt-^  +  -^^  b  ^  o 
where  N  is  the  moment  of  inertia  of  the  vibrating  system.  The 
solution  of  this  equation  can  be  found  in  Williamson  and  Tarlton's 
Dynamics,  art.  107. ;  or  in  Dynamics  of  a  Particle  by  Tait  and  Steel, 

art.    88.      From  this  T  - 

metre    in   diameter  N  ^  ''1^  where  W  is  the  weight  of  the  magnet 

in    grammes.      Therefore  m  H  =  - — =^ —  (j)  Combining  this    with 

,  ,  „,      o  iiS  It  r  W  ,     .  ,  112  U  W 

CJ  "'  -  ^3  T»(r»-lM^Tan^  ""^  '^"*'  '^>  "*  ^  «  t^M- l"^  )  ^^  T^  Tan  . 

The  measurements  should  ail  be  in  the  metric  .system  and  then 
the  value  of  H  is  given  in  c,  g.  s.  units,  1  find  that  magnets  for  de- 
flectors made  from  No.  18  knitting  needles  and  ten  centimetres  long 
give  the  best  results.  If  wire  of  a  larger  diameter  is  used,  a  more 
complicated  formula  must  be  used,  involving  the  moment  of  inertia  of 
a  right  cylinder  about  an  axis  through  its  centre  of  gravity  and  perpen- 
dicular to  its  own  axis.  The  length  1  is  the  measured  half  length  of 
the  bar  magnet.  Mr.  Gray  gives  a  method  for  determiniug  the  Actual 
effective  length  of  the  magnet;  but  I  have  not  used  it.  Corrections 
also  might  be  made  for  atmospheric  resistance  to  the  vibrator,  change 
of  length  due  to  change  of  temperature ;  but  these  are  so  very  small 
that,  for  practical  purposes,  they  may  be  neglected. 

The  angle  aa  should  be  so  small  that  Tan  a^^  J^  Tan  z  a.  This 
will  avoid  much  labor  in  making  computations. 

As  the  mean  of  a  considerable  number  of  experiments  I  find  for 
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H  in  my  study  the  value  .19707  c.  g.  s.  units.  Of  course  the  value  is 
always  modified  by  the  presence  of  iron,  and  I  could  not  eliminate 
errors  resulting  from  that. 

The  following    from  my  results  of  Mar.  aS  will  help  to  illustrate 
tiie  method  used : 

SIDE  ON. 
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For  further  explanation  the  student  is  referred  to  Mr,  Gray's  book. 
I  make  no  claim  to  originality.  I  have  only  followed  as  nearly  as 
possibilethe  directions  given  there.  I  have  been  so  pleased  with  the 
method  that  I  have  thought  others  might  be  induced  to  try  it. 


*Tlie  symbol  Pi   is   represented   by   t[    throughout. 
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IV. 

LIST  OF  ALG^. 

BY    H.    L.    JONES. 

The  following  list  of  Algae  is  made  up  from  specimens  collected 
at  the  Licking  Reservoir  and  from  ponds  in  the  vicinity  of  Granville. 
Only  a  very  few  of  the  most  common  species  are  here  given,  with  the 
exception  of  the  desmids,  the  list  of  which  is  somewhat  more  com- 
plete. 

Spirogyra    Weberi,     Ktz. , 

Spirogyra    insignis,     Ktz., 

Scenedesmus    polymorphus,    Wood, 

Sccnedesmiis    quadricauda,    Breb. , 

Pediastrum    simplex,    Meyer, 

Pediastrum    Ehrenbergii,     A.  Br., 

Pediastrum    Boryanum,    Turpi  n, 

Pediastrum    angulosum,     Menegh., 

Cosmarium    Brebissonii,     Menegh. , 

Cosmarium    contractum,     Kirch., 

Cosmarium    Seelyanum,    Wolle, 

Cosmarium    intermedium,    Delp. , 

Cosmarium    Botrytis,     Menegh., 

Cosmarium    latum,    Breb., 


Broomei,    Thw 
Cosmarium    orbiculatum,    Ralfs, 
Cosmarium     Ralfsii,    Breb. , 
Cosmarium    lincuim,     Ralfs, 
Cosmarium    biretum,    Breb., 
Micrasterias    truncata,    Ralfs, 
Desmi d i  una    Swaruli,     Ag., 
Sphaerozostna     filiforme,    Rab., 

moniliferutii,     Ehrlj., 
Clostetium    Diarse,    Ehrb., 
Closterium    parviilum,     Naeg., 
Closterium    strigosum,     Ehrb., 
Closterium    linealum,    Ehrb., 
Siaiiraslrum     polymorphum,     Ureb., 
Slaiirastruin    iiseiidoiiachyrliynclium,     Wolle, 
Staiirastrum    iuconspituum.     Nurd., 
Staiirastrum    arialinum,     Cooke    and    Wells, 
Dociduiim    Traheciila,     Naeg. , 
Euastrum    elegans,     lireb., 
Euastrum    rostratmm,     Ralfs. 


Kt/.-F.  T.  Kuet/,n.K;  Brelj.--\.  (ie  Brelnsson  ;  A.  Br.— Ale 
Mcnegh.-.I.  Mencghiiii;  Kircli.— O.  KirchiiLT  :  I'dp.— J.  B.  Ddpoi 
C.  A.  Ag-irdh  ;  Naeg.— C,  N.ngoli  ;   .\oi,l.~0.  Nordstcdt. 
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GEOLOGY  AND  LITHOLOGV  OF  MICHIPICOTEN  BAY. 


f   Results   of  thk  Summer  I.AiiORAroRV  Session  ok  1886. 
C.   L.   Herrick,  W.   G.   Tight,  and   H.   L.  Jones. 
[Read  before  the  DinUon    Scientific  Association,   AptH  23,    1886.] 


The  excursion  was  undertaken  with  a  view  primarily  10  the  en- 
largement of  the  working  series  of  crystalline  rocks  in  our  cabinet  and 
in  the  hope  of  affording  a  useful  supplement  to  ihe  class-work  in  lith- 
ology,  though  it  fell  lo  the  lot  of  but  few  of  the  class  to  participate  in 
it.  It  is  hoped  that  these  peripatetic  summer  training  classes  may  be- 
come a  valuable  adjunct  to  the  regular  work  so  long,  at  least,  as  we 
have,  as  now,  numbers  who  expect  to  work  as  scientific  specialists. 

The  party  left  the  Sault  Sie.  Marie,  on  the  little  steamer  Remora, 
and  arrived  at  the  fishing  station  near  the  mouth  of  the  Dog  River,  in 
Michipicoten  Bay,  at  4  o'clock  in  the  afternoon  when,  by  the  kindness 
of  the  agent,  we  were  promptly  transported  to  our  permanent  camping 
station  on  the  left  bank  of  the  Dog  River  at  its  mouth.  Here  a  tem- 
porary laboratory  was  located,  and  by  means  of  oars  and  sail  much  of 
the  adjacent  coast  was  carefully  studied. 

Those  not  particularly  familiar  with  recent  geological  literature 
may  ask  why  this  special  locality  was  chosen  for  the  summer's  work 
and  what  is  the  nature  of  the  problems  whose  solution  was  sought 
To  properly  answer  these  questions  would  be  to  review  in  great  part 
the  writings  of  most  of  our  leading  geologists  during  a  period  of  many 
years,  especially  those  of  Canada,  Michigan  and  Wisconsin.  Such 
an  extended  review  is,  however,  rendered  unnecessary  by  the  fact  thai 
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The  excursion  was  undertaken  with  a  view  primarily  to  the  en- 
largement of  the  working  series  of  crystalline  rocks  in  our  cabinet  and 
in  the  hope  of  affording  a  useful  supplement  to  the  class-work  in  lith- 
ology.  though  it  fell  to  the  lot  of  but  few  of  the  class  to  participate  in 
it.  It  is  hoped  that  these  peripatetic  summer  training  classes  may  be- 
come a  valuable  adjunct  to  the  regular  work  so  long,  at  least,  as  we 
have,  as  now,  numbers  who  expect  to  work  as  scientific  specialists. 

The  party  left  the  Sault  Ste,  Marie,  on  the  little  steamer  Reniora, 
and  arrived  at  the  fishing  station  near  the  mouth  of  the  Dog  River,  in 
Michipicoten  Bay,  at  4  o'clock  in  the  afternoon  when,  by  the  kindness 
of  the  agent,  we  were  promptly  transported  to  our  permanent  camping 
station  on  the  left  bank  of  the  Dog  River  at  its  mouth.  Here  a  tem- 
porary laboratory  was  located,  and  by  means  of  oars  and  sail  much  of 
the  adjacent  coast  was  carefully  studied. 

Those  not  particularly  familiar  with  recent  geological  literature 
may  ask  why  this  special  locality  was  chosen  for  the  summer's  work 
and  what  is  the  nature  of  the  problems  whose  solution  was  sought. 
To  properly  answer  these  questions  would  be  to  review  in  great  part 
the  writings  of  most  of  our  leading  geologists  during  a  period  of  many 
years,  especially  those  of  Canada,  Michigan  and  Wisconsin.  Such 
an  extended  review  is,  however,  rendered  unnecessary  by  the  fact  that 


V. 

GEOLOGY  AND  LITHOLOGV  OF  MICHIPICOTEN  BAY. 

»  Results  of  the  Summer  Laboratory  Session  of  1886. 
C.  L.  Herrick,  W.  G.  Tight,  and  H.  L.  Jones. 
[Read  be/ore  the  Denison   Scientific  Association,   April  23,    1886.] 


The  excursion  was  undertaken  with  a  view  primarily  to  the  en- 
largement of  the  working  series  of  crystalline  rocks  in  our  cabinet  and 
in  the  hope  of  affording  a  useful  supplement  to  the  class-work  in  lith- 
ology,  though  it  fell  to  the  lot  of  but  few  of  the  class  to  participate  in 
it.  It  is  hoped  that  these  peripatetic  summer  training  classes  may  be- 
come a  valuable  adjunct  to  the  regular  work  so  long,  at  least,  as  we 
have,  as  now,  numbers  who  expect  to  work  as  scientific  specialists. 

The  party  left  the  Sault  Ste.  Marie,  on  the  little  steamer  Remora, 
and  arrived  at  the  fishing  station  near  the  mouth  of  the  Dog  River,  in 
Nfichipicoten  Bay,  al  4  o'clock  in  the  afternoon  when,  by  the  kindness 
of  the  agent,  we  were  promptly  transported  to  our  permanent  camping 
station  on  the  left  bank  of  the  Dog  River  at  its  mouth.  Here  a  tem- 
porary laboratory  was  located,  and  by  means  of  oars  and  sail  much  of 
the  adjacent  coast  was  carefully  studied. 

Those  not  particularly  familiar  with  recent  geological  literature 
may  ask  why  this  special  locality  was  chosen  for  the  summer's  work 
and  what  is  the  nature  of  the  problems  whose  solution  was  sought. 
To  properly  answer  these  questions  would  be  to  review  in  great  part 
the  writings  of  most  of  our  leading  geologists  during  a  period  of  many 
years,  especially  those  of  Canada,  Michigan  and  Wisconsin.  Such 
an  extended  review  is,  however,  rendered  unnecessary  by  the  fact  that 
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several  oC  the  recent  writers  on  the  geology  of  Lake  Superior  have 
given  such  collations  and  discussions  from  their  several  points  of  view, 
notably  Wadsworlh.  in    "The   A^oic  System  and  its  subdivisions", 

1884,  and  Irving,  in  his  "Copper-bearing   rocks   of  L.    Superior", 

1885.  Recent  discussions  may  also  be  found  in  the  Annual  Reports 
of  Minnesota.  In  the  region  in  question  the  geological  relations  ap- 
pear lo  be  relatively  simple,  but  at  the  same  time  so  intimately  associ- 
■ftted  with  the  more  intricate  regions  now  chiefly  under  discussion  as  10 
make  any  conclusions  which  can  be  reached  of  considerable  value. 

genera!  then,  the  region  northward  from  L.  Superior  is  a  part 
of  the  great  V-shaped  area  of  crystalline  rocks  classed  as  Azoic  and 
usually  grouiwd  in  two  great  series,  the  one  largely  composed  of 
gneisses  and  granites  and  called  I.^wrenlian,  and  the  other,  assumed  lo 
be  higher  (and  hence  later)  composed  of  crystalline  slates  and  schists. 
This  whole  series  is  supposed  to  consist  of  altered  sediments,  but  with 
an  unconformity  between  the  two  groups.  The  evidences  of  life  are 
restricted  to  those  furnished  by  ihe  exceedingly  problemaiicat  Eozoon 
and  the  presence  of  graphite  and  iron.  The  original  name  given  lo 
both  these  members  was  the  term  Azoic,  applied  by  Foster  and  Whit- 
ney, in  1850.  Whitney  and  Wadsworlh  vigorously  assert  thai  there 
exists  no  reason  for  changing  this  name  (as  to  Archean)  or  subdividing 
the  scries  (into  f.awrentian  and  Huronian).  The  Canadian  geologists 
claim  that  tho  Huronian  schists  are  constantly  unconformable  Ic.  the 
underlying  l.awrenlian  and  freiiucni'y  contain  pebbles  from  il.  To 
this  WadsHurili  and  Whiiniy  ru|,!y  that  there  is  a  lack  of  observation 
lo  substantialeihi.-  claim  of  unconformabilily  and  that  the  pebbles  are 
high  in  the  series  of  the  Huronian  and  not  in  any  sense  basement  con- 
gloinerates.  Ai  ]>age  557  of  the  "  .\/oic  System,"  these  authors  seem 
to  imply  that  the  Huronian  conglomerates  are  formed  by  the  imbed- 
ding of  matter  ejected  \n  a  fragmental  slate  in  a  deirital  magma. 

In  the  region  under  ousideraiimi  a  further  difference  of  opinion 
seems  10  |irevail.  Irving,  in  the  luaji  of  I,.  Superior,  given  in  his  val- 
uable rc|i(iri  on  the  "  Copjier-bearing  Rocks,"  marks  all  the  granitic 
areas  as  l.aivremian  and  the  schists  as  Huronian,  while  (he  Canadian 
gcologi.al  map  iMdi<:aius  all  ihe  granite  areas  near  the  lake  and  associ- 
aled  vvirh  the  si  hisls  as  eruptive,  although  a  region  to  the  north  is  cov- 
ered with  the  I-awrcniian.  In  the  scjucl  the  evidence  which  leads  us 
lo  ai  cc|ii  the  conilusiuiis  of  the  Canadian  geologists  as  to  this  particu- 
lar regiiiii,  is  reviewed  in  detail  so  tar  as  our  material  warrants. 


The  most  detailed  account  of  the  relations  between  the  schists  and 
granite  seems  lo  be  that  of  McFarlane,  who  says :  •'  The  manner  in 
which  these  Huronian  rocks  adjoin  those  of  the  Lawreniian  series  may 
be  observed  ou  the  north  shore  between  Michipicolen  Harbor  and 
Island.  I  paid  some  attention  to  Chat  point  of  junction  which  lies  to 
the  west  of  Eagle  R-,  the  precipitous  cliffs  to  the  east  of  which  consist 
principally  of  diabase  schist  and  greenstone  slate.  A  few  miles  to  the 
west  of  these  cliffs  and  at  a  point  bearing  N.  29°,  5°  E.,  from  the  east 
end  of  Michipicolen  Island,  the  Lawrentian  granite  is  penetrated  by 
enormous  dykes  of  dense  basaltic  greenstone  (having  the  peculiar 
doleritic  glitter  when  fractured)  which  contain  masses  of  granite. 
This  greenstone  is  also  seen  in  large  masses,  which  can  scarcely  be 
called  dykes,  overlying  the  granite  and  enclosing  huge  masses  of  that 
rock,  one  of  which  1  observed  to  be  cut  by  a  smali  vein  of  the  green- 
stone. From  this  point  to  the  Eagle  R.  these  two  rocks  alternately 
occupy  the  space  along  the  shore,  seldom  in  such  a  manner  as  to  show 
any  regular  superposition  of  the  greenstone  on  the  granite,  but  almost 
always  more  or  less  in  contact  with  each  other.  The  greenstone  how- 
ever, becomes  more  frequent  towards  the  east  and  at  Eagle  R.  it  has 
almost  replaced  the  granite,  and  assumed  a  lighter  color,  and  an  ir- 
regularly schistose  structure.  The  strike  of  these  schists  is  at  places 
quite  inconstant ;  they  wind  in  all  directions,  and  what  appear  at  first 
sight  to  be  quartz  veins  accompany  their  contortions.  On  closer  in- 
spection, however,  of  the  largest  of  these,  they  are  seen  to  be  of  gran- 
ite, but  whether  twisted  fragments  of  that  rock  or  really  veins  in  it,  is 
at  first  glance  very  uncertain.  *  *  *  Allhough  they  are  seldom 
or  never  angular  they  can  scarcely  be  regarded  otherwise  than  as  frag- 
ments whose  shape  has  been  modified  by  contact  with  the  green.sione. 
*  *  *  Either  the  granite  forms  veins,  penetrating  the  schistose 
greenstones,  in  which  case  the  latter  are  the  older  rocks  ;  or  it  is  in 
the  form  of  contorted  fragments,  in  which  case  the  enclosing  rock 
may  be  of  eruptive  origin.  The  latter  supposition  seems  to  be  most  in 
harmony  with  the  facts  stated."  (Rep.  Progress  1863-66.)  Com- 
menting on  this  account  Whitney  and  VVadsworth  remarked:  "It 
seems  almost  incredible  that  a  geologist,  who  professed  to  be  a  liiholo- 
gist,  should  have  been  unable  to  ascertain  the  relations  and  relative 
age  of  these  rocks  when  so  many  excellent  exposures  were  observed, 
as  he  states,  His  observations  show  clearly  that  both  formations  here 
are  eruptive  and  of  the  same  geological  age."     ( Azoic  System,  p.  346.) 
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2.  Rocks  having  the  composition  of  mica-diorite  or  diorite,  bui 
containing  much  caicite.  Rocks  of  ihis  group  tend  to  assimilate 
closely  in  appearance  and  structure  to  the  schists  in  contact  and  sug- 
gest the  possibility  of  their  having  been  the  products  of  metamorphisra 
of  the  schists  Ihemselves  again  altered  by  slow  metasoniatic 
changes.  A  circumstance  greatly  favoring  this  theory  is  the  fact  that 
the  dykes  in  the  underlying  granite  are  always  diabases  so  far  as  ob- 
served while  the  diorites  are  very  frequent  in  the  schists.  That  the 
contact  action  of  the  granites  was  amply  sufficient  to  produce  such 
fusion  is  abundandy  demonstrable. 

4,  Orthoclase  and  quartz-orthoclase  felsite-porphyries  occurring 
under  two  conditions,  but  generally  in  such  a  way  as  to  suggest  an  ex- 
traneous origin  of  the  porphyritic  ingredients ;  first,  contacts  of  con- 
glomerates with  dykes  of  diabase  or  of  diorite,  second,  interbedded 
layers  in  the  schist  with  adjacent  alteration  and  veiny  structure.  We 
incline  to  the  belief  that  the  greater  pari  of  the  porphyry  can  be 
traced  directly  to  meLimorphism  in  such  conglomerates  induced  by 
adjacent  later  eruptives. 

Having  thus  briefly  disposed  of  the  two  older  groups  we  will  now 
consider  the  relation  of  the  third  or  Keweenawan  series  lo  these. 
The  direction  of  the  strike  and  dip  of  these  series  on  Michipicotcn 
Islaud  and  Capes  Choyyc  and  Cargantua,  furnish  the  only  data  on 
which  lo  base  our  conclusions.  The  strike  on  Jfichipicoten  Island 
appears  lo  be  in  general  a  little  N.  of  li,,  varying  from  the  E,  end  of  the 
island  to  the  W.  end,  toward  the  west  end  becoming  more  northerly. 
At  cape  Choyye  the  strike  seems  tn  be  in  a  direction  a  little  W,  of  S., 
while  at  cape  Cargantua  it  extends  in  almost  a  southern  direction,  va- 
rying a  little  lo  E.  This  would  seem  to  indicate  that  the  older  rocks 
upon  which  the  Keweenawan  rests  formed  a  synclinal  with  its  axis  in 
a  N.  E.  direction,  The  position  of  the  granite  rocks  on  either  side  of 
Ihis  axis  would  indicate  a  synclinal  rather  than  an  eroded  anticlinal, 
as  is  the  general  rule.  Also  the  fact  that  the  Keweenawan  is  deposit- 
ed within  the  basin  itself  and  its  margins  abutt  against  the  high  cliffs 
of  the  eroded  older  rocks.  The  relation  of  the  basement  conglomer- 
ates exposed  at  cape  Choyye  to  the  older  series  will  be  discussed  upon 
a  later  page.  The  most  complete  discussion  of  the  Keweenawan  is 
that  of  Trof  Irving,  in  his  monograph  of  the  Cojiper- bearing 
Rocks    cjI    Lake   Superior.       We    n^iy    now    proceed    at    once    to    a 


of  denison  universitv. 
Description   of  the  Rocks  of   Michimcoten   Bav. 


Il  has  been  thought  best  to  present  these  descriptions  in  about  the 
order  in  which  they  were  examined  by  us,  In  order  to  place  the  reader 
as  nearly  as  possible  at  the  same  standpoint  in  regard  to  the  questions 
under  discussion. 

At  the  mouth  of  Dog  river  and  extending  along  the  coast  for  some 
miles  is  No.  looi.  Typical  chlonlk  slate,  strike  S.  32"  E.,  dip  80"  N. 
E.  Very  fissile  and  somewhat  unctuous.  Under  the  microscope,  the 
magma  is  close-grained,  with  much  chlorite,  irregular  scales  of  biotite, 
large  irregular  grains  of  calcite.  occasional  fragments  of  orthoclase, 
fewer  ([uarti  grains,  numerous  crystalline  grains  of  magnetite,  and 
some  irridesceni  white  scales  which  may  be  talc.  The  calcite,  which  is 
characteristic  of  most  of  these  schists,  is  here  frequently  granularly 
decomposed  in  the'  centre  of  the  grain.  It  is  easily  recognized 
even  in  small  grains  by  its  irridescence  and  in  larger  ones  by  the  rhoro- 
bohedral  cleavage  and  twins. 

Nos,  1005-1007.  Same  slate  as  No.  loot,  but  modified  by  con- 
tact with  dyke  of  No.  1004.  The  surfaces  of  the  lamellae  are  covered 
with  wavy  ridges  arranged  in  "  cohesion  figures  "  The  dark  ingredi' 
enis  are  collected  in  zones  of  varying  width.  Grains  of  orthoclase 
and  plagioclase  occur  as  well  as  quartz,  which  last  in  some  cases  is  sur- 
rounded by  a  zone  of  radially  arranged  fibres  or  plates  of  chlorite. 
The  calcite  is  also  collected  into  zones.  In  one  place  (No.  1007}  in 
proximity  to  a  quartz  vein  the  rock  is  largely  made  up  of  rather  regu- 
lar though  decomposing  feldspar,  chiefly  orthoclase  in  Carlsbad  twins. 
The  contact  with  the  quartz  is  sharp,  but  the  latter  is  permeated  at  the 
edges  by  calcite  and  into  it  are  fused  iron  globules  from  the  schist. 
Both  these  circumstances  give  evidence  of  high  temperature  during 
the  formation  of  the  vein. 

At  the  point  one  half  mile  east  of  Dog  river  is  a  wide  band  of 
conglomerate  (No.  1023  see  beyond)  passing  which,  we  encounter 
broad  bands  of  yellowish  felsite-porphyry  and  obliquely  arranged  len- 
ticular masses  and  strings  of  a  similar  character  (Fig.  5.  Pl.iie  XI.) 

No.  roo8  is  a  specimen  from  the  lenticular  massesand  consists  of 
an  exceedingly  fine-grained  felsilic  magma,  containing  large  rounded 
grains  or  nearly  perfect  crystals  of  quartz  and  feldspar,  (Plate  XI,  Fig.  z.) 
The  grains  of  quartz,  though  greatly  rounded,  appear  to  have  been 
doubly  terminated  crystals,  while   the  feldspar,  which  is  nearly  ail  or- 
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2.  Rocks  having  the  com|>osiuon  of  mita-diorile  or  diorite,  bui 
conlaining  much  calciie.  Roclts  of  this  group  lend  lo  assimilate 
closely  in  apj^earance  and  structure  lo  the  schists  in  contact  and  sug> 
gesl  the  possibility  of  their  having  been  the  products  of  Dietarnorphism 
of  the  schists  themselves  again  altered  by  slow  metasomatit 
changes.  A  circumstance  greatly  favoring  this  theory  is  the  fact  that 
the  dykes  in  the  underlying  granite  are  always  diabases  so  far  as  ob- 
served while  the  dioritcs  are  very  frei|ueni  in  the  schists.  That  the 
contact  action  of  the  granites  was  amply  sufficient  to  produce  such 
fusion  is  abundantly  demonstrable. 

4.  Orthoclase  and  quarti-orthoclase  fel site-porphyries  occurring 
under  two  conditions,  but  generally  in  such  a  way  as  to  suggest  an  ex- 
traneous origin  of  the  porphyritic  ingredients;  first,  contacts  of  con- 
glomerates with  dykes  of  diabase  or  of  diorite,  second,  interbedded 
layers  in  the  schist  with  adjacent  alteration  and  veiny  structure.  We 
incline  to  the  belief  thai  the  greater  part  of  the  porphyry  can  be 
traced  directly  to  mctainorphism  in  such  conglomerates  induced  by 
adjacent  later  eruplives. 

Having  thus  briefly  disposed  of  the  two  older  groups  we  will  now 
consider  the  relation  of  the  third  or  Kcwcenawan  series  10  these. 
The  direction  of  the  strike  nnd  dip  of  these  series  on  Michii.icoten 
Island  and  Capes  Choyyc  and  Cargantua,  furnish  the  only  data  on 
which  to  base  our  conclusions.  The  strike  on  Michipicoten  Island 
appears  to  be  in  general  a  little  N.  of  K.,  varying  from  the  E.  end  of  the 
island  to  the  \V.  end,  toward  the  west  end  becoming  more  northerly. 
At  cape  Choyye  the  strike  seems  to  be  in  a  direction  a  little  W,  of  S., 
while  at  cape  Cargantua  it  e\tends  in  almost  a  southern  direction,  va- 
rying a  little  lo  E.  This  would  seem  lo  indicate  that  the  older  rocks 
upon  which  the  Keweenawan  rests  formed  a  synclinal  with  its  axis  in 
a  N.  E.  direclion.  The  position  of  the  granite  rocks  on  either  side  of 
this  axis  would  indicate  a  synclinal  rather  than  an  eroded  anticlinal, 
as  is  the  general  rule.  .-Mso  the  fact  that  the  Keweenawan  is  deposit- 
ed within  the  basin  itself  and  its  margins  abutt  against  the  high  cliffs 
of  the  eroded  older  rocks.  'J'he  relation  of  the  basement  conglomer- 
ates exposed  at  cape  Choyyc  to  the  older  series  will  be  discussed  upon 
a  later  page.  The  most  complete  discussion  of  the  Keweenawan  is 
that  of  I'rof.  Irving,  in  his  monograph  of  the  Copper- bearing 
Rocks   ol    Lake    Superior.       We    may    now    proceed    at    once     to    a 
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Description   of  the  Rocks  of   Michipi 


It  has  been  thought  best  to  present  these  descriptions  in  about  the 
order  in  which  they  were  examined  by  us,  in  order  to  place  the  reader 
as  nearly  as  passible  at  the  same  standpoint  in  regard  to  the  questions 
under  discussion. 

At  the  mouth  of  Dog  river  and  extending  along  the  coast  for  some 
miles  is  No.  looi.  Typical  (/iloritk  slate,  strike  S.  32°  E.,  dip  80°  N. 
E.  Very  fissile  and  somewhat  unctuous.  Under  the  microscope,  the 
magma  is  close-grained,  with  much  chlorite,  irregular  scales  of  biolite, 
large  irregular  grains  of  caldte,  occasional  fragments  of  orthoclase, 
fewer  quartz  grains,  numerous  crystalline  grains  of  magnetite,  and 
some  irridesceni  white  scales  which  may  be  laic.  The  calcite,  which  is 
characteristic  of  most  of  these  schists,  is  Here  freijuenily  granularly 
decom[>osed  in  the"  centre  of  the  grain.  It  is  easily  recognised 
even  in  small  grains  by  its  irridescence  and  in  larger  ones  by  the  rhom- 
bohedral  cleavage  and  twins. 

Nos.  1005-1007,  Same  slate  as  No,  looi,  but  modilied  by  con- 
tact with  dyke  of  No.  1004.  The  surfaces  of  the  lamellie  are  covered 
with  wavj-  ridges  arranged  in  "cohesion  figures  "  The  dark  ingredi- 
ents are  collected  in  zones  of  varying  width.  Grains  of  orthoclase 
and  plagioclase  occur  as  well  as  quartz,  which  last  in  some  cases  is  sur- 
rounded by  a  zone  of  radially  arranged  fibres  or  plates  of  chlorite. 
The  calcile  is  also  collected  into  ^oues.  In  one  place  {No.  1007)  in 
proximity  to  a  quartz  vein  the  rock  is  largely  made  up  of  rather  regu- 
lar though  decomposing  feldspar,  chiefly  orthoi:lase  in  Carlsbad  twins. 
The  contact  with  the  quartz  is  sharp,  but  the  latter  is  permeated  at  the 
edges  by  calcite  and  into  it  are  fused  iron  globules  from  the  schist. 
Both  these  circumstances  give  evidence  of  high  temperature  during 
the  formation  of  the  vein. 

At  the  point  one  half  mile  east  of  Dog  river  is  a  wide  band  of 
conglomerate  (No.  1013  see  beyond)  passing  which,  we  encounter 
broad  bands  of  yellowish  felsiic- porphyry  and  obliquely  arranged  len- 
ticular masses  and  strings  of  a  similar  character  (Fig.  5,  Plate  XI.) 

No.  1 D08  is  a  specimen  from  the  lenticular  masses  and  consists  of 
an  exceedingly  fine-grained  felsitic  magma,  containing  large  rounded 
grains  or  nearly  perfect  crystals  of  quartz  and  feldspar,  (Plate  XI,  Fig.  2.) 
The  grains  of  quartz,  though  greatly  rounded,  appear  to  have  been 
doubly  terminated  crystals,  while   the  feldspar,  which  is  nearly  all  or- 
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ihoclase  in  Carlsbad  twins,  is  more  frequently  fractured  than  rounded 
and  is  often  filled  with  tongues  of  interpenetrating  magma.  This 
magma  is  beautifully  fluidal,  the  dark  ingredients  (biotite,  chiefly  al- 
tered to  chlorite)  are  scattered  in  crevices  of  the  feldspars  or  sheltered 
spots  behind  them  where  they  have  drifted  like  float-wood. 

No.  1009,  from  the  bands,  is  essentially  similar,  but  is  much  finer- 
grained  and  has  fewer  and  smaller  porphyritit  ingredients.  There  are 
mica  rosettes  and  groups  of  magnetite,  pyrite,  apatite  and  other  acces- 
sories, as  well  as  veins  of  calcite. 

No.  101 1.  Chloritic  schist  one-half  to  three-fourths  of  a  mile  N. 
E.  of  Dog  river,  It  is  greatly  contorted,  unctuous,  containing  large 
quantities  of  calcite  in  the  form  of  veins  which  conform  to  the  contor- 
tion. Microscopically  it  appears  to  be  composed  of  a  ground  mass  of 
chlorite  scales  which  when  reduced  to  very  thin  sections  lose  their  po- 
larization colors  and  pleochroism.  This  ground  mass  is  filled  with 
large  crystals  of  much  altered  onhoclase,  which  have  a  tendency  to 
aggregate  at  90°  to  axis  c.  The  titanic  iron  shows  all  the  gradations 
to  tilanite.  Large  calcite  grains  showing  characteristic  cleavage  in 
three  directions,  with  banded  structure.  The  crystals  of  apatite  pene- 
trate all  the  ingredients  of  the  rock.  The  rork  ap|>enrs  10  he  much 
altered  from  the  influence  of  the  interpenetrating  diabase  dykes. 
Here  as  in  other  places  it  seems  as  if  the  interpenetrating  dykes  com- 
ing through  the  |irimitive  schists  had  fused  the  loiver  portions  which 
oozed  up  along  the  sides  of  the  dyke  and  in  cooling  formed  the  more 
coarsely  crystalline  rock  No.  1012.     (Plate  XII,  Figs,  i,  2,  and  3.) 

No.  1012.  hark  gray,  coarse  grained,  unevenly  fracturing  rock, 
intersected  in  all  directions  by  veins  of  various  minerals.  Microscop 
ically  it  a])pears  coarsely  crystalline,  with  orthoclase  and  plagioclase 
magma.  The  rock  contains  a  considerable  amount  of  biolile,  some 
calcite  ;md  a  very  few  grains  of  hematite,  with  crystals  of  apatite  scat- 
tered through  it  sparingly.  It  apjiears  as  if  this  rock  was  the  slowly 
cooled  product  of  the  fused  lower  ])ortion  of  the  schists  in  which  mica 
and  plagiodase  have  crystalized  out.  This  all,  a|)parently,  through  the 
influence  of  the  dyke  which  comes  uji  through  this  boss  and  forms 
No.  1013. 

No.  1013.  A  fine  grained  dark  rock  jiresenting  all  the  characters 
of  a  typical  diabase.  The  line  of  contact  with  No.  12  is  very  sharply 
marked. 


•  Next,  passing  up  Dog  river  about  one-eighlh  of  a  mile  from 
its  mouth,  we  encoiinlered  a  largedyke  15-20  feet  in  width,  No.  1017, 
which  in  microscopic  section  presents  all  the  characters  of  a  typical 
diabase  similar  to  the  other  dark,  fine-grained  dykes.  Its  feldspars 
consist  of  oligoclase  with  an  angle  of  about  26°  and  labradorite  with 
an  angle  of  about  48°.  Some  magnetite,  otherwise  very  free  from  ac- 
cessory ingredients.  Adjacent  to  this  dyke  is  the  inditraled  slate 
funning  No.  1018,  finely  crystalline,  containing  large  quantities  of 
brown  mica  in  scales  in  O  plane,  also  many  irregular  grains  (Plate  XII, 
Fig.  5  A),  and  grains  of  magnetite  broken  tip  into  fine  powder,  also  a  few 
calcite  grains,  showing  characteristic  cleavage.  Theinica  appearsto  be 
decomposing  to  chlorite,  forming  a  chlorite  and  quartz  !)asis.  Pseu- 
domorph  crystals  of  chlorite  after  mica  are  seen  (Plate  XII,  Fig.  5B.) 
Passing  farther  up  the  river  the  slate  becomes  porpyritic  for  a  consid- 
erable thickness. 

No.  loif)  is  a  sample  of  this  porphyry.  It  has  a  very  fine  quartz 
magma,  with  brown  mica.  TTie  orthoclase  crystals  have  more  or  less 
regular  crystalline  outlines  and  its  general  appearance  is  strikingly  sim- 
ilar to  thai  of  the  pebbles  in  the  conglomerate  No.  1023.  In  close 
contact  with  this  porphyry  is  No.  1019a,  a  dark  very  fine  grained  typi- 
cal diabase.  Its  relation  to  No.  1019  is  shown  in  Plate  XI,  Fig.  6.  It 
appears  from  the  relations  as  if  the  porphyry  (No.  IQ19)  was 
once  continuous  with  the  conglomerate  No.  1013,  which 'is  found  a 
little  farther  up  the  river,  but  has  lost  its  conglomeritic  structure  and 
suffered  the  complete  fusion  of  the  pebbles  and  schist  through  the  in- 
fluence of  this  dyke  No    1019a. 

No,  1013  is  the  band  of  conglomerate  at  lower  Denison  Falls, 
where  it  is  from  39-75  feet  in  width.  Its  ground  mass,  which  is  near- 
ly similar  to  the  adjacent  schist,  is  filled  with  water-worn  pebbles  of  a 
porphyritic  rock  No.  1023a.      (See  Plate  XII,  Fig.  9.) 

No.  1023a.  These  pebbles  have  a  sharp  outline  and  can  be  per- 
fectly separated  from  the  ground  mass.  They  show  unmistakable  evi- 
dence of  the  action  of  water  in  rounding  their  corners  and  angles  be- 
fore their  deposition.  They  also  show  the  jointage  planes  of  the  prim- 
itive rocks  from  which  they  were  derived.  Their  genera!  external  ap- 
pearance is  about  the  same,  but  under  microscopic  examination  of  a 
large  number  of  slides  it  is  clearly  shown  that  they  consist  of  two  dis- 
tinct rock  species.  This  distinction  is  well  marked,  for  there  is  shown 
no  gradation  from  one  to  the  other,  even  in  pebbles  which  are  only  an 
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inch  or  two  apart  and  which  must  have  been  subjected  to  the  same 
agencies  of  metamorphism.  One  of  these  species  presents  all  the 
characters  of  a  typical  granite  with  much  quartz  and  orthoclase  and  fcvrac- 
cessories.  There  is  some  pyrite,  probably  secondary.  The  orthoclase 
is  much  altered  and  gives  aggregate  polaiization.  The  quartz  grains 
are  filled  with  numerous  fracture  lines  and  are  rendered  almost  cloudy 
with  microlitic  inclusions,  both  apparendy  the  result  of  intense  heat 
and  pressure.  The  other  variety  is  unmistakably  porphyry,  with  an 
almost  irresolvable  ground  mass  of  quartz  filled  with  large  crystals  of 
orthoclase.  with  now  and  then  a  large  grain  of  quartz.  These  pebbles 
also  appear  to  be  very  much  altered  from  the  action  of  heat.  The  or- 
thoclase still  can  be  determined  by  its  aggregate  polarijiation,  crystal- 
line outline  and  perpendicular  extinction.  In  microscopic  characters 
this  rocks  resembles  very  closely  the  porphyritic  phase  of  the  schist 
further  down  the  river.  A  mile  or  so  above  ihe  falls  is  a  shining,  fis- 
sile chloritic  schist  ( No.  1027)  which  under  the  microscope  proves  10 
have  a  very  uniform  ground-mass  of  quartz  and  chlorite  with  a  very 
little  brown  mica  and  numerous  and  regularly  distributed  minuie  un- 
terminated  crystals  of  an  orthothombic  mineral  with  optical  characters 
of  staurolite.  Much  of  ihe  schist  is  of  a  highly  metamorphic  charac- 
ter, but  preserves  the  usual  strike  and  dip. 

Nos.  1016,  1029,  1031,  and  1036  are  various  phases  of  gneiss  ex. 
tending  from  a  ])oint  one-half  a  mile  east  of  the  union  of  Mountain 
river  with  Dog  river,  in  the  line  of  strike,  to  intersect  the  coast  several 
miles  norlhi^ast  of  the  mouth  of  the  latter.  This  series  consists  of 
several  bands  of  varying  width  and  texture  inlerslratified  and  conform- 
able with  the  schists.  No.  to  16  occurs  along  the  shore  near  the  Terraces, 
forming  high  bluffs.  It  is  a  very  fme.grained  dark  gneiss,  wiih  obvi- 
ous bands  of  flesh-colored  felds])ar.  Microscopically  the  mass  of  the 
rock  is  composed  of  much  green  muscovite  mica,  considerable  epi- 
dote  in  /ones  (recognized  by  its  bright  yellow  color,)  relatively  large 
amounts  of  oligoclasc  and  decomposing  feldspathic  ingredient  (ortho- 
cl.iscj.  There  are  innumerable  needles  of  a  transparent  substance  ap- 
parently derived  from  the  mica.  Some  calcite  is  probably  derived 
from  the  same  source.     Very  liiile  (|uart/,  is  present. 

No.  1036  is  identical  with  Xo.  1016  and  is  from  an  adjacent  ex- 
posure, but  it  is  nearly  schi.siose  and  the  section  exhibits  a  few  veins 
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of  amorphous  substance  full  of  mimite  needles  (sillimanile  ?)  like  those 
above  mentioned. 

No.  1031  is  the  same  gneiss  where  it  intersects  Mountain  river. 
Here  it  is  somewhat  coarsely  granular,  containing  more  orthoclase  and 
biotile  mica.  There  is  some  (perhaps  secondary)  quartz  in  the  confused 
portion.  The  transition  to  the  schist  is  here  very  readily  seen,  there 
being  no  unconformity. 

No.  1029  is  a  phase  of  No.  1031,  just  at  contact  with  the  schist 
and  partakes  of  its  characters.  It  has  biotite  in  large  i|uantities  in 
conspicuous  masses  surrounded  by  irregularly  disposed  augite  grains. 
The  most  of  the  remainder  being  phgioclase  and  orthoclase,  with 
some  quartz  and  an  occasional  large  grain  of  calcite.  The  augite  is 
very  brilliantly  polari/.ed,  but  chiefly  in  grains  or  much  broken  crystals. 

From  the  above  it  may  be  gathered  that  these  gneissic  rocks  form 
really  an  integral  part  of  the  schists,  being  more  highly  metamorphosed 
than  they.  We  incline  to  regard  them  as  the  axial  part  of  the  fold, 
the  strata  repeating  to  all  appearances  on  either  side,  as  indicated  in 
our  diagram.  The  relation  of  the  strata  is  such  as  to  permit  us  to 
consider  the  schist  conglomerate  a  true  basement  conglomerate. 

Passing  beyond  the  gneiss  ihe  same  series  seems  to  be  repealed 
in  reverse  order,  though  more  careful  examination  is  needed  on  this 

No.  1037  resembles  closely  1009  and  is  followed  by  No.  1038, 
which  is  identified  with  the  conglomerate  No.  1023.  This  is  followed 
by  schists,  The  contact  of  these  schists  with  the  granite  is  very  sug- 
gestive. At  a  little  disLince  from  the  contact,  the  schist  (No.  1045)  is 
a  shining  green  chloritic  mica  schist,  with  light  specks  scattered 
through  it.  Under  the  microscope  it  is  seen  that  the  green  mineral  is 
arranged  in  wavy  bands  separating  aggregates  of  (juartz  in  a  finely 
granular  condition  with  large  porphyritic  brown  grains,  seemingly  ag- 
gregates. Close  examination  shows  however  that  the  brown  granular 
appearance  masks  calcite,  with  its  cleavage  and  irridescence,  and  a 
comparison  with  the  part  more  nearly  adjacent  to  the  granite  shows 
the  brown  grains  to  have  been  feldspar  from  the  latter. 

No,  1046  is  on  the  granite  side  of  the  contact  and  is  an  altered 
granite,  having  the  quartz  and  feldspar  imbedded  porphyrilically  in  a 
magma  like  that  of  the  schist.  The  orthoclase  is  much  altered  by  heat 
and  the  crystals  are  margined  by  calcite.  The  quartz  is  less  fractured 
than  in  1045,  but  on  the  whole  the  two  are  much  alike.     The  original 
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crystals  of  biotite  (?)  are  broken  up  and  greatly  altered.  The  unal- 
tered granite  (No.  1041)  is  very  coarsely  granular  and  is  perforated  by 
many  diabase  dykes  having  the  same  general  strike  as  io  the  schist 
The  granite  continues  to  Little  Bear  river  and  thence  to  Dore'  river, 
to  the  east  of  which  a  chloritic  slate  appears.  The  strike  is  S.  50°  E, 
with  a  dip  toward  the  southwest  of  about  45°,  though  the  strata  are 
very  tortuous  and  embrace  included  masses.  The  contact  with  the 
granite  is  here  as  elsewhere  evidence  of  the  eruptive  nature  of  the 
granite.  Irving's  map  does  not  correctly  represent  the  distribution  of 
the  granite  in  this  bay,  Gros  Cap  is  the  promontory  west  of  Michi- 
picoten  harbor  and  is  said  to  bear  hematite  veins.  Bell  says  it  is 
composed  of  slaty  diorite,  though  the  only  rock  seen  by  us  was  a 
tough  silicious  chlorite  schist.  At  Michipicoten  river  the  rotks  are 
said  to  be  dark  hornblendic  mica  schist. 

Leaving  Gros  Cap  we  crossed  the  entrance  to  Michipicoten  har- 
bor and  encamped  upon  a  narrow  beach  nearly  directly  south  of  the 
point.  The  rock  here  is  strongly  tortuous  and  confused.  Much  of 
the  rock  is  porphyritic  in  a  grayish-green  base,  while  other  portions 
are  of  dense  close  texture  and  uniformly  micro-crystalline.  In  one 
place  beneath  the  water  the  porphyritic  rock  could  be  seen  to  contain 
large  rounded  masses  of  a  different  color,  often  a  foot  or  more  in  di- 
ameter. These  were  supposed  to  be  similar  to  the  conglomerate  peb- 
bles of  the  west  side.  As  typical  of  much  of  the  unporphyritic  rock 
of  this  shore  we  select  No.  1068,  which  appears  to  the  eye  tike  a  mod- 
erately fmc-grained  diorite.  The  thin  section  shows  it  to  have  under- 
gone gri:at  alteration.  The  greater  jiart  of  the  field  is  made  up  of 
elongated  untcrminated  fibrous  crystals,  lying  at  all  angles  and  frayed 
out  at  the  ends.  These  are  of  a  pale  green  color  and  scarcely  |)leo- 
chroic.  The  jiolariiation  colors  are  very  brilliant,  like  those  of  irenio- 
lite.  In  cro.ss  section  two  sets  of  cleavage  lines,  with  an  apparent 
angle  of  120-130°  a])]»ear,  while  the  longitudinal  cleavage  lines  are 
frequently  wavy.  The  twins  arc  numerous  and  in  the  plane  i-i,  and 
the  extinction  angle  c  :  c  =;  nearly  exactly  15°.  This  combination  of 
characters  is  hard  to  understand.  The  absence  of  pleochroism  and 
brilliant  i)olari.!ation  indicate  a  monoclinic  augite,  but  the  extinction 
angle,  cleavage,  and  habit  are  like  hornblende.  This  is,  therefore,  a 
decomposing  hornblende  like  uralite  in  general  appearance  and  like 
actinolite  in  characters.  The  iron  has  nearly  disappeared  from  the 
whole  rock,  a  few  scales  of  hematile  being  found  in  the  hornblende. 


The  remaining  ingredients  of  the  diorite,  with  the  exception  of  the 
rather  small  amount  of  quartz,  are  more  completely  altered.  The 
place  of  the  plagioclase  is  taken  by  an  opaque  white  amorphous  sub- 
stance and  the  interstices  are  filled  with  granular  light  material.  A 
few  crystals  of  decayed  augite  are  seen,  which  have  large  quantities 
of  iron  in  scales  and  grains.  Here  and  there  grains  of  calcite  indicate 
where  some  of  the  decomposition  products  have  gone.  There  are  ex- 
posed a  few  interesting  masses  of  ilmenite,  in  which  the  hexagonal 
plates  are  matted  obliquely,  which  show  under  Ihe  microscope  the 
characteristic  bronzy  reflection. 

No,  1064  is  essentially  similar.  It  is  a  very  tough,  homogen- 
eous, greenish-grey  rock.  The  actinolite  is  in  the  condition  described 
above  and  the  accessoFies  are  ilmenite,  calcite,  and  apatite.  It  pre- 
sents to  the  eye  the  appearance  of  a  fine-grained  diorite,  altering  to 
serpentine.  Irregular  bands  of  a  lighter  colored  rock  occur  in  this 
mass.  Such  a  specimen  is  No.  1065,  which  is  a  confused  mass  of 
finely  granular  material  in  which  quartz,  calcite  and  chlorite  can  be 
identified.  Strings  or  veins  of  calcite  are  abundant,  and  scattered 
through  the  magma  are  many  dark  grains,  the  centres  of  which  are 
generally  filled  by  a  single  crystal  of  secondary  calcite. 

No.  1066.  This  is  the  porphyritic  phase  before  spoken  of,  which 
also  contains  the  larger  pebbles.  Here  and  there  in  the  section  are 
large  rounded  grains  of  quartz,  broken  and  intersected  by  the  finely 
granular  magma.  The  latter  is  not  essentially  different  from  the  basis 
of  1065,  but  is  crowded  with  rounded  grains  of  oligoclase.  Grains  of 
secondary  calcite  and  veins  of  the  same,  also  pyrite  and  perhaps  titan- 
ite  are  seen  in  the  slide.  It  would  :qj|)ear  that  the  magma  is  full  of 
minute  scales  of  chlorite.     ( Plate  X,  Fig.  2.) 

The  only  explanation  suggested  for  the  curious  condition  of  the 
rock  here  is  that  the  metamorphisin  was  excessive  and  resulted  in  a 
thorough  suffusion  of  the  original  slate  with  intrusive  matter  as  well  as 
pasty  portions  of  the  adjacent  sediments,  reducing  all  to  a  somewhat 
homogeneous  character.  The  conglomeritic  phases  of  the  slate  being 
rendered  pasty,  the  pebbles  were  at  first  unaffected  and  were  in- 
truded upon  by  the  more  fluid  mailer  below.  They  were  subjected  to 
more  violent  flowage  by  reason  of  the  obstinate  pebbles  during  which 
the  ingredients  of  the  pebbles  were  partly  set  free  and,  although  the 
magma  was  in  part  melted,  the  larger  crystals  remained  dispersed  in 
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the  magma  in  the  corroded  condition  already  described.     The  calritc 
and  chlorite  dale  from  later  periods. 

.^t  this  point  are  a  number  of  trap  dykes,  but  the  extreme  point 
(Burni  Point?)  is  made  up  of  granite,  which  continues  to  the  mouili 
of  Riviere  de  la  Vieille.  Jiist  southwest  of  the  river  arc  prccipiion* 
cliffs,  6do-8oo  feet  high,  made  up  of  the  highly  melamorphic  equivalent 
of  the  schist  Here  at  places  the  granite  appears  beneath  the  slate. 
which  is  unconformable  and  tortuou.s,  without  obvious  strati licaiion. 
The  granite  rises  only  a  few  feel  above  the  water's  edge  in  undulations 
and  seems  lo  have  thoroughly  fused  the  superincumbent  schist  at  con- 
tact. \  few  miles  further  south,  toward  cape  Choyye,  the  high  bluffs 
recede  from  the  shore,  leaving  the  point  composed  of  Keweenaw  con- 
glomerate and  sandstone,  which  laps  out  near  the  water's  edge  at  i 
slight  inclination. 

No.  1074  is  a  specimen  of  the  schist  taken  near  the  underlying 
granite  and  is  .i  greenish,  irregularly  fissile  rock,  completely  checked 
up  by  joints  and  so  altered  and  veiny  as  to  act  as  an  aggregate  with 
much  chlorite. 

No.  107s,  taken  near  cape  Choyye,  is  an  irregulariy  lamellaled 
mica  schist.  The  section  shows  much  brown  mica  and  quartz,  some 
apatite,  magnetite,  jiyrite,  and  scattered  porphyriiic  nuire  i.-t  kix 
(jiiadrangular  grains  appearing  like  completely  decomposed  feldspar. 
Although  dip  und  strike,  as  taken,  were  dip  60°.  strike  S.  10°  W.,  ive 
rather  incline  to  Ijclieve  that  this  is  the  same  rock  as  that  on  the  west 
side  of  the  liay,  with  ^i  strike  which  might  bring  it  hither. 


Rtl 

uruiiig  to 

Dog  rivc! 

r.  we  [iroceedi 

.'d   westward  for 

aboi 

.11    ; 

miles  Id 

near  E.igle 

river,  a  ; 

imall  irout  brook  near  the  westt 

■rn  li 

mil 

the  Kay. 

Here  ar, 

-■jirecipit. 

)us  r)iff:s  nearl 

V  Soo  feet  high. 

Ihe 

ro 

here  coll 

sisis  of  mi 

uh  altere 

d  highly  rryst 

alline  schists,  va. 

■ying 

fr, 

green    to 

•  brown  (No.  1049- 

[049a).     The 

mica  is  largely 

alter 

ed 

<:hlorile 

in  the  gree 

n,  while  i 

t  is  reduced  to 

a  powder  in  the 

brow 

mix.-d  w 

ilh  hcnialit 

f.     Both 

contain  very  large  quantities  of 

calci 

te. 

a  pro<lu< 

t  of  alterat 

ion  of  mi 

ca   no  doubt. 

These  rocks  cor 

itain 

mil 

The   strik 

eisK.S.K.,  i.f.  mu.h 

more  nearlv  eas 

It  tha 

n  f. 

iher  norl 

hcast.  and  the  di).  c 

mly  about  45°. 

Here  in  man. 

■  plac 

■es  1 

orite   lie- 

.  inicrbe.h 

led  beiw. 

^en  the  strata 

of  schist.     This 

■ite 

rom|  "ISC 

d  of  the  ,a 

me  iwinn 

eil  hornblende 

,  mentioned  at  th 

le  ea; 

of  the   h 

arbor,  but 

.lllhnugb 

it  is  snpcrfici^! 

My  identical  it  differs  ; 

in  1 

tniiiing  s 

trorig  pleo< 

lirriivtn. 

Thcexlinciio 

11  angle  and  gene 

r.-il  a. 

l|)e: 

ance  of  thu  section,  otherwise  is  identical.  Here,  too,  the  adja- 
cent schist  has  assimilated  itself  to  it  most  remarkalily  in  general  ap- 
pearance, though  a  glance  at  a  section  shows  it  to  be  of  a  quite  distinct 
character.  It  is  really  an  allend  inUa  schist  (!)  consisting  of  quartz, 
chlorite,  much  calcite  and  iron  salts.  This  fact  that  certain  eruplives 
have  the  power  to  assimilate  the  adjacent  rocks  so  closely  in  external 
appearance  as  to  defy  recognition,  while  not  altering  the  real  nature 
of  the  rock,  needs  to  be  constantly  borne  in  mind  by  field -geologists. 
These  rocks,  classed  as  greenstone  slates  and  considered  as  eruptive 
by  Drevious  writers,  can  with  care  be  readily  separated  into  interbed- 
ded  sedimentaj-tes  and  eruptives.  A  succession  of  such  dykes  is 
seen  east  of  Eagle  river.  West  of  Eagle  river,  especially  on  the  jut; 
ting  point  referred  to  by  McFarlane,  the  schist  suffers  the  extreme  of 
metamorphism,  being  twisted  and  gnarled  in  every  conceivable  way, 
at  the  same  time  seggregating  various  minerah  in  pockets  and  lenticu- 
lar masses.  Veins  of  granite  perforate  the  schist  and  include  it  in  ir- 
regular masses.  The  effect  of  such  intrusive  action  is  here  well  seen. 
The  fragments  of  schist  so  inclosed  are  anguiar  and  though  often  fused 
into  the  granite,  never  permit  comparison  with  the  IJog  river  conglom- 
erate. K  direct  com[>arison  of  this  sort  ma)'  bring  out  relations  hard 
to  verbally  explain.  The  contact  samples  show  much  epidote  which 
forms  zones  at  the  contact,  veins  in  the  schl.st,  or  replaces  the  horn- 
blende in  the  granite.     At  this  point  is  this  immense  dyke    No.  1056, 

No.  1058  is  schist  at  the  contact  and  consists  almost  entirely  of 
epidote  containing  strings  and  fragments  of  the  aphanitic  margin  of 
1056.  Westward  the  granite  constantly  encroaches  on  the  schist, 
which   is  here  a  typical  mica  schist  of  fine  texture. 

The  diabases,  as  before  slated,  are  exceedingly  monotonous  in 
composition  and  structure.  A  considerable  range  of  variation  in  the 
relative  size  of  the  ingredients  is  the  chief  divergence.  They  never 
carry  an  appreciable  amount  of  olivine  and  the  feldspars  are  either  lab- 
radorite  or  labradorite  and  oligoclase,  the  former  with  brilliant  polari- 
zation colors  and  distinct  outlines. 

No.  1056  may  be  taken  as  a  type  of  the  whole  series.  This  is 
especially  interesting  as  being  the  dyke  northeast  of  Michipicoten 
island,  called,  by  McFarlane,  dolerytc  and  considered  by  him  and  by 
Jsworth  after  him,  as  one  of  the  sources  of  the  schist.       This  is 
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grains  of  augiic  much  broken  up,  always  makes  up  a  considerable  per 
ccni.  of  the  rocks.  They  also  carry  quite  a  large  amounl  of  suffused 
iron. 

On  the  southwest  corner  of  the  island,  rising  above  the  water's 
edge  several  feet,  occurs  a  fine-grained  conglomerate  with  small,  sharp- 
ly angular  grains  E-nbedded  in  this  are  large  boulder*  from  one  lo 
twelve  inches  in  size,  of  several  different  kinds.  The  question  of  the 
origin  of  these  boulders  becomes  of  the  greatest  value  in  establishing 
the  relations  of  the  different  series.  One  of  the  most  numerous  is  a 
}:;ranite.  quite  close-grained,  light  colored,  cjQtiiiiing  sornewhai  ahercd 
white  mica,  onhoclasc  much  changed,  but  still  retaining  its  form,  and 
quartx.  There  arc  no  accessories  present.  These  boulders  have  al! 
been  rounded  by  the  action  of  water. 

No.  1087  (Plate  XIII,  Fig.  2.)  is  from  a  typical  mica  schist  of 
a  light  gray  rolm,  dotted  all  over  by  minute  black  crystals,  giving  it 
somewhat  of  a  salt  and  pepper  color.  Microscopically  the  rock  is  seen 
to  have  a  cloudy  gray  magma,  in  which  arc  scattered  very  profusely 
small  fragments  of  quartz.  Large  scales  of  biotite  mica,  permeated 
in  till  directions  by  smaller  scales  of  the  same,  make  np  the  remaining 
ingredients  ol  the  rock.  Much  of  the  mica  is  changed  to  chlorite. 
Comparing  this  specimen  with  No,  1051,  a  mica  schist  from  the  high 
fliffs,  eight  miles  we>t  from  Hog  river,  tin  the  main  land,  we  find  that 
they  are  almo.st  identical  in  ajjjiearance  and  composition.  Their  color 
in  the  hand  sample  is  the  s:tme  as  well  as  :il!  of  their  macroscopii 
characteristics.  Under  the  micro8C0[)e  we  find  the  same  sicniUrities. 
The  magma  differs  .slightly,  but  it  is  very  similar  in  both.  The  size 
and  relative  amount  of  quart/  grains  in  the  two  are  the  same.  The 
mira  in  No.  105  t  is  more  altered  and  is  not  nggregated  into  suf  h  pe- 
culiar masses.  Perhajis  the  mist  n  Uiceable  dilTerence  is  the  presence 
of  a  few  smdl  crystals  of  iriclinic  feldsiwr  in  No.  1051,  but  this  can 
be  explained  by  the  proximity  of  the  eruptive  No.  1050. 

Another  interesting  example  is  a  boulder  of  mica  diorite  which  is 
also  rommou  in  the  conglomerate.  The  pUgioclase  occurs  as  very 
numerous  small  elongated  crystals,  permeating  the  section  in  all  direc- 
tions. These  have  been  slightly  altered,  but  can  be  readily 
identified.  The  mica  has  for  the  most  pan  disappeared,  chlorite  tak- 
ing its  place.  'I'his  rock  can  also  he  readily  referred  to  the  igneous 
form,  No.  1050,  which  occurs  at  the  same  cliffs,  inlerbedded  with  the 
schists.      As  in  the  preceeding  case  the  chief  differences  lie  in  the  de- 
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Fig.  6.)  The  porphyritic  grains  are  of  plagioclaae  with  scattered  aug- 
ite.  It  is  thought  that  much  of  the  granular  magma  is  augitic.  The 
ilmeniic  is  altered  in  many  places  to  titanic  iron. 

In  discussing  the  Keweenaw  rocks  as  exposed  on  Michipicolcn 
island,  cape  Choyye  and  cape  Cargantua,  we  shall  describe  only 
enough  to  give  a  clear  idea  of  the  relations  of  this  series  to  the  older 
Lawrentian  and  Huronian,  as  found  in  this  region.  We  may  consider 
these  rocks  under  two  heads;  first,  the  eruptive  igneous,  including  all 
the  diabases,  amygdaloids,  pseud-amygdaloids  and  perhaps  the  porphy- 
ries ;  second,  tjie  sedimemary  and  metamorphic.  The  former  might 
\>e  considered  the  result  of  a  single  series  of  overflows  closely  related- 
The  ctioling  of  these,  taking  place  under  different  conditions,  as  in  the 
presence  of  water,  superheated  steam,  under  great  pressure  or  other- 
wise, must  of  necessity  produce  many  different  forms  of  the  same 
overflow.  Only  those  whose  structure  is  in  some  way  characteristic, 
are  here  described. 

No.  1077  (Plate  XIII,  Fig.  3.)  occurs  on  the  south  shore  of 
Michipicoten  island,  forming  the  most  of  the  islands  along  the  shore. 
It  is  filled  with  vein  matter,  principally  of  quartz  and  agate  and  is 
also  somewhat  amygdaloidal.  The  color  is  black,  with  almost  a  metal- 
lic lustre.  An  uneven  fracture  and  exceedingly  tough.  The  specific 
gravity  is  2.76.  Under  the  microscope  the  rock  is  seen  to  be  com- 
pletely crystalline.  Oligoclase  makes  up  a  great  portion  of  the  sec- 
tion, occurring  in  long,  fine  crystals,  generally  twinned.  Rounded 
grains  of  augiie  are  scattered  irregularly  through  the  mass.  Here  and 
there  a  crystal  of  orthoclase  is  present,  but  much  altered.  A  very  pe- 
culiar kind  of  grains,  evidently  suffused  with  iron  of  a  bright  yellow 
color,  without  polarization  or  pleochroism,  filled  with  inclusions,  prob- 
ably of  gas,  with  concentric  lines  running  through  them,  is  found. 
There  is  a  very  large  quantity  of  magnetite  in  the  rock,  not  occurring 
in  regular  form,  but  rather  filling  the  interstices  between  the  other  min- 
erals.    According  to  Rosenbusch  this  is  a  typical  diabase. 

No.  1082  (Plate  X,  Fig.  1.,  and  Plate  XI,  Pig.  3.)  is  a  diabase 
porphyrite,  black  in  color,  wilh  light  colored  crystals  varying  from  one 
sixteenth  to  three -sixteenths  of  an  inch  in  length,  scattered  thickly 
through  it.  The  specific  gravity  is  2.7.  The  fracture  is  distinctly 
conchoidal.       In    the  aphanitic  magma  large  twins  of  laWadorite  cut 
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the  ruck  in  aD  directions.     Th«   raUowii^   measarements  of  the  leld- 
%pv  crystals  were  made: 

20°+ 13  "=43"   whole  angle. 

25»+j3''=48<'     .•■ 

According  U>  Pumpelly't  method  thi$  vroold  make  the  feldtpat 
labradoriie.  The  oystab  arc  exceedinglv  regular  id  form,  cuiiiDf 
dch  other  in  many  directions.  Inclusions  in  the  crystals  are  frequeni. 
|wc»nnal>ly  fragments  of  the  magma.  Colors  of  polarization  gray, 
yellow  and  blue.  Minute  cirstnls  of  feld$i>ar,  all  of  about  the  same 
siee,  thickly  dot  the  black  magma.  I'hesc  are  probably  of  the  same  kind 
as  ihc  larger  crystals. 

The  next  ingredient  which  attracts  attention  is  the  augite.  This 
is  not  nearly  as  abundant  as  the  fekl^nar  and  does  not  occur  in  as  large 
crystals  The  form  of  ihc  crystals  is  rarely  regular,  generally  some- 
whai  rounded.  Inclusions  of  minute  needles  of  apatite  are  freqttent 
in  (he  augite,  also  a  grccnUh  alteration  product,  otherwise  it  is  un- 
altered. 

No.  1083  (Plate  XEII,  Fig.  8.)  is  a  weathered  qiecimen  of  Ifac 
same  rock.  'Ilic  spetific  gravitv  is  2.66,  being  much  lighter  than  the 
original  rock.  Htre  an  excellent  opportunity  to  study  the  effects  of 
wf.ntliuring  is  afrordwi.  Tht;  atit;ile  has  entirely  disap])e.ircd,  not  a 
sini;lL-  irystal  in  the  sL'ction  jjossessing  any  of  the  augitic  characicris- 
ti<v.  A  gru-tnish  |]ro(Uici.  mutli  colored  by  the  iron  of  the  magma, 
jirohaljly  reprusenls  the  di;LO[ii],osi;d  augile.  The  feldspar,  while  in 
many  cases  still  retaiinng  iis  crystalline  form,  is  in  every  case  alit-rfd, 
gent-rally  from  the  centi;r.  The  ligure  shoivs  one  of  the  less  altered 
crystals  beginning  to  decay  in  the  renter.  The  alteration  jirodtict  is  of 
a  light  green  color,  very  irregular  in  form,  but  in  a  few  cases  the  regular 
form  of  the  primitive  crystal  is  retained.  The  aphanitic  magma  of  the 
unaltered  rock  has  changed  to  a  yellowish  brown,  with  small  crystals 
of  magnetite  dotting  it  all  over. 

No.  1082a  (Plate  XIIl,  Fig.  7.)  is  the  nest  phase  of  the  dia- 
base. It  is  a  somewhat  porphyritie  diabase  of  much  lighter  color  than 
«ny  of  the  pre<;eeding,  being  almost  reddish-brown,  and  showing  some- 
whit  the  effects  of  weathering.  The  sjiecific  gravity  is  less  also  than 
any  of  the  jjreceeding,  being  only  2.6.  The  fracture  is  somewhat 
conchoidal  lliough  not  as  much   so  as  No.  1082.      Under  the  micro- 
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scope  the  effects  of  decomposition  become  very  manifest.  The  large 
crystals  of  triclinic  feldspar  have  altered  to  a  mineral  resembling  or- 
thoclase,  but  very  much  clouded.  The  smaller  crystals  of  feldspar 
have  likewise  changed,  ihoiigh  not  as  much  as  the  larger  ones.  The 
chief  peculiarity  of  the  rock  is  the  alteration  of  the  augite  into  chlor- 
ite. These  grains  arc,  some'  of  them,  an  eighth  of  an  inch  wide  and 
so  can  be  tested  for  their  solubility  in  sulphuric  acid.  These  grains 
are  arranged  in  spherulitic  masses,  with  radiating  structure  in  polyhc;- 
dra.  There  is  a  large  amount  of  hematite  and  magnetite  present  in 
the  section. 

No.  1085  is  banded  sandstone,  with  alternate  layers  of  brown 
and  gray  color.  The  grains  are  exceedingly  minute,  situated  in  a  high- 
ly argillaceous  magmn..  They  are  so  small  [hat  they  are  very  difficult 
to  make  out,  but  some  of  them  are  evidently  Iriclinic  feldspar  from 
their  form  and  angle  of  extinction. 

No.  1088  (Plate  XII,  Fig  7.)  is  a  very  black  rock,  with  none  of  its 
ingredients  macroscopically  visible.  It  has  a  shelly  fracture  and  is 
quite  brittle.  Under  the  microscope  it  is  seen  to  have  a  crystalline 
base  of  minute  needles  of  plagioclase,  in  many  cases  livinned,  with 
small  grains  of  augite  frequently  surrounding  them  in  son  ofa  pseudo- 
aroydaloidal  arrangement.  Dotting  the  section  are  regular  crystals, prob- 
ably, magnetite.  Here  and  there  are  found  large  crystals  of  plagio- 
clase, with  regular  form  and  entirely  unaltered.  This  rock  is  a  typical 
diabase  aphanite.  It  is  situated  on  the  southwest  corner  of  the  island, 
overlying  a  bed  of  conglomerate,  which  will  be  described  later, 

No.,iogi  (Plate  XII,  Fig.  4.)  is  a  specimen  taken  from  thezonein 
contact  with  the  conglomer.iie.  It  is  dark  in  color,  minutely  crystal- 
line and  crossed  in  all  directions  by  minute  veins.  Its  specific  gravity 
is  2.79.  Small  crystals  of  plagioclase  are  very  abundant,  also  iron 
grains.  The  vein  matter  has  aggregate  polarization.  Whatever  augite 
is  present  it  is  entirely  broken  up,  but  still  retaining  its  bright  colors 
of  polarization  and  angle  of  extinction.  The  amygdules  here  are 
small,  generally  greenish  in  color,  without  polarization  or  pleochroism. 
Alteration  product  much  resembling  olivine  is  present  in  large  quanti- 
ties. This  rock  is  very  similar  to  the  one  figured  by  Irving,  on  Plate 
IX,  in  his  "  Copper- bearing  Rocks  of  Lake  Superior," 

The  amygdaloids  on  the  northwest  corner  island  have  not  yet 
been  carefully  worked  up  by  us.  They  are  highly  amygdaloidal  con- 
taining large    masses   of  calcile.       Plagioclase,    together    with    large 


the  rock  in  all  direcrions.     'Hie  following   measurements  of  the   feld- 
spar crystals  were  made: 

ao°+23°=43°  wjiolc  angle. 

According  lo  Pumpelly's  method  this  would  make  the  feldspar 
labradorite.  The  crystals  are  exceedingly  regular  in  form,  cutting 
eacli  other  in  many  directions.  Inclusions  in  the  crystals  arc  frequent. 
presumably  fragments  of  the  magma.  Colors  of  polarization  gray, 
yellow  and  blue.  Minute  crystals  of  feldspar,  all  of  abowthe  same 
size,  thickly  dot  the  black  magma.  These  are  probably  of  the  same  kind 
as  the  larger  crystals. 

The  next  ingredient  which  attracts  attention  is  the  augite.  This 
is  not  nearly  as  abundant  as  the  feldspar  and  does  not  occur  in  as  large 
crystals  The  form  of  the  crystals  is  rarely  regular,  generally  some- 
what rounded.  Inclusions  of  minute  needles  of  apatite  are  frequent 
in  the  augite,  also  a  greenish  alteration  product,  otherwise  it  is  un- 
altered. 

No.  1083  (Plate  XIII,  Fig.  8.)  is  a  weathered  specimen  of  the 
same  rock.  The  specific  gravity  is  1.66,  being  much  lighter  than  the 
original  rock.  Here  an  excellent  op])ortiinily  to  study  (he  effects  of 
we.ithering  is  afforded.  The  aiigitt  has  entirely  disappeared,  not  a 
single  crystal  in  the  section  possessing  any  of  the  augitic  characteris- 
tics. A  greenish  product,  nuich  colored  by  the  iron  of  the  magma, 
probably  represents  the  decomposed  augite.  The  feldspar,  while  in 
many  cases  still  retaining  its  crystalline  form,  is  in  every  case  altered, 
generally  from  the  center.  The  figure  shows  one  of  the  less  altered 
crystals  beginning  to  decay  in  the  center.  The  alteration  product  is  of 
a  light  green  color,  very  irregular  in  form,  but  in  a  few  cases  the  regular 
form  of  the  primitive  crystal  is  retained.  The  aphanitic  magma  of  the 
unaltered  rock  has  changed  to  a  yellowish  brown,  with  small  crystals 
of  magnetite  dotting  it  all  over. 

No.  loSaa  (Plate  XIII,  Fig.  7.)  is  the  next  phase  of  the  dia- 
base. It  is  a  somewhat  jiorphyritic  diabase  of  much  lighter  color  than 
any  of  the  preceeding,  being  almost  red  dish -brown,  and  showing  some- 
what the  elfecis  of  weathering.  The  specific  gravity  is  less  also  than 
any  of  the  preceeding,  being  only  2.6.  The  fracture  is  somewhat 
conchoid.il  though  not  as  much  so  as  No.  1082.     Under  the  micro- 
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scope  the  effects  of  decomposition  become  very  inanircst.  The  large 
cryslals  of  triclinic  feldspar  have  altered  to  a  mineral  resembling  or- 
thoclase,  but  very  much  clouded.  The  smaller  crystals  of  feldspar 
have  likewise  changed,  though  not  as  much  as  the  larger  ones.  The 
chief  peculiarity  of  the  rock  is  the  alteration  of  the  augite  into  chlor- 
ite. These  grains  are,  some  of  them,  an  eighth  of  an  inch  wide  and 
so  can  be  tested  for  their  soUibiliiy  in  sulphuric  acid.  These  grains 
are  arranged  in  spherulitic  masses,  with  radiating  structure  in  polyhi;- 
dra.  There  is  a  large  amount  of  hematite  and  magnetite  present  in 
the  section. 

No.  1085  is  banded  sandstone,  with  alternate  layers  of  brown 
and  gray  color.  The  grains  are  exceedingly  minute,  situated  in  a  high- 
ly argillaceous  magma.  They  are  so  small  that  they  are  very  difficult 
to  make  out,  but  some  of  them  are  evidently  triclinic  feldspar  from 
their  form  and  angle  of  extinction. 

So.  to88  {Plate  XII.  Fig  7)  is  a  very  black  rock,  with  none  of  its 
ingredients  macroscopically  visible.  It  has  a  shelly  fracture  and  is 
quite  brittle.  Under  the  microscope  it  is  seen  to  have  a  crystalline 
base  of  minute  needles  of  plagioclase,  in  many  cases  twinned,  with 
xmall  grains  of  augite  frequently  surrounding  them  in  sort  of  a  pseudo- 
amydaloidal  arrangement.  Dotting  the  section  are  regular  crystals, prob- 
ably, magnetite.  Here  and  there  are  found  large  crystals  of  plagio- 
clase, with  regular  form  and  entirely  unaltered.  This  rock  is  a  typical 
diabase  aphanile.  It  is  situated  on  the  southwest  corner  of  the  island, 
overlying  a  bed  of  conglomerate,  which  will  be  described  later. 

No.  1 09 1  (Plate  XII,  Fig.  4  )  is  a  specimen  taken  from  thezone  in 
contact  with  the  conglomerate.  It  is  dark  in  color,  minutely  crystal- 
line and  crossed  in  all  directions  by  minute  veins.  Its  specific  gravity 
is  2.79.  Small  crysLils  of  plagioclase  are  very  abundant,  also  iron 
grains.  The  vein  matier  has  aggregate  polarization.  Whatever  augite 
is  present  it  is  entirely  broken  up,  but  still  retaining  lis  bright  colors 
of  polarization  and  angle  of  extinction.  The  amygdules  here  are 
small,  generally  greenish  in  color,  without  polarization  or  pleochroism. 
Alteration  product  much  resembling  olivine  is  present  in  large  quanti- 
ties. This  rock  is  very  similar  to  ihe  one  figured  by  Irving,  on  Plate 
IX,  in  his  "  Copper-bearing  Rocks  of  Lake  Superior." 

The  amygdaloids  on  the  northwe.st  corner  island  have  not  yet 
been  carefully  worked  up  by  us.  They  are  highly  amygdaloidal  con- 
taining large   masses    of  calciie,       Plagioclase,    together   with    large 
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inch  or.  two  apart  and  which  must  have  been  subjected  to  the  same 
agencies  of  metamorphism.  One  of  these  species  presents  all  the 
characters  of  a  typical  granite  with  much  quartz  and  orthociase  and  few  ac- 
cessories. There  is  some  pyrite,  probably  secondary.  The  orthociase 
is  much  altered  and  gives  aggregate  polarization.  The  quartz  grains 
are  filled  with  numerous  fracture  lines  and  are  rendered  almost  cloudy 
with  microliiic  inclusions,  both  apparently  the  result  of  intense  heal 
and  pressure.  The  other  variety  is  unmistakably  porphyry,  with  an 
almost  irresolvable  ground  mass  of  quartz  filled  with  large  crystals  of 
orthociase.  with  now  and  then  a  large  grain  of  quartz.  These  pebbles 
also  appear  to  be  very  much  altered  from  the  action  of  heat.  The  or- 
thociase still  can  be  determined  by  its  aggregate  polarization,  crystal- 
line outline  and  perpendicular  exlinclion.  In  microscopic  characters 
this  rocks  resembles  very  closely  the  porpbyritic  phase  of  ihe  schist 
further  down  the  river.  A  mile  or  so  above  the  falls  is  a  shining,  fis- 
sile chloritic  schist  (No.  1017)  which  under  the  microscope  proves  tc 
have  a  very  uniform  ground-mass  of  quartz  and  chlorite  with  a  very 
little  brown  mica  and  numerous  and  regularly  distributed  minute  un 
terminated  crystals  of  an  orlhorhombic  mineral  with  optical  characters 
of  staurolile.  Much  of  the  schist  is  of  a  highly  melamorphic  charac 
tLT,  idit  preserves  ihc  usual  slrike  and  dip. 


Nos.  iai6,  lojg,  io3i,andio36  are  various  [ihases  ol  gneiss  ex 
tending  from  a  point  one-half  a  mile  east  of  the  union  of  Mountair 
river  with  Dog  river,  in  the  line  of  strike,  to  intersect  the  coast  severa 
miles  northeast  of  the  niouih  of  the  latter.  This  series  consists  o' 
several  bands  of  varying  width  and  texture  inlerstratified  and  conform 
able  with  Ihe  schists.  No,  101  Soccurs  along  the  shore  near  thcTerrates 
forming  high  bluffs.  It  is  a  very  line-grained  dark  gneiss,  wiih  obvi 
ous  bands  of  flesh-colored  feldspar.  Microscopically  Ihe  mass  of  thi 
rock  is  composed  of  much  green  muscovite  mica,  considerable  epi 
dote  in  zones  (recognized  by  its  bright  yellow  color,)  relatively  larg< 
amounts  of  oligoclase  and  decomposing  feldspathic  ingredient  (ortho 
clasej.  There  are  innumerable  needles  of  a  transparent  substance  ap 
parenily  derived  from  the  mica.  Some  calcite  is  probably  derlvet 
from  the  same  source.     Very  little  (piattz  is  [iresent. 


Nu.   103C 


i  idenlital  with  No,  1016  and  i 
learlv  schistose  and  the  sectioi 
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of  amorphous  substance  fuU  of  rainute  needles  {sillimanile  ?)  like  those 
above  mentioned. 

No.  103 1  is  (he  same  gneiss  where  it  intersects  Muiintain  river. 
Here  il  is  somewhat  coarsely  granular,  containing  more  onhoclase  and 
biotiie  mica.  There  is  some  (|)erhaps  secondary)  quartz  in  the  confused 
portion.  The  transition  to  the  schist  is  here  very  readily  seen,  there 
being  no  unconformity. 

No.  io»g  is  a  phase  of  No.  1031,  jiistat  contact  with  the  schist 
and  partakes  of  its  characters.  It  has  biotite  in  large  ijuantities  in 
conspicuous  masses  surrounded  by  irregularly  disposed  augiiu  grains. 
The  most  of  the  remainder  being  phgioclase  and  orthoclase,  with 
some  quarts  and  an  occasional  large  grain  of  caicite.  The  augite  is 
very  brilliantly  polarized,  but  chiefly  in  grains  or  much  broken  crystals. 

From  the  above  it  may  be  gathered  that  these  gneissic  rocks  form 
really  an  integral  pan  of  the  schists,  being  more  highly  metamorphosed 
than  ihey.  We  incline  to  regard  them  as  the  anial  part  of  the  fold, 
the  strata  repeating  to  all  appearances  on  either  side,  as  indicated  in 
our  diagram.  The  relation  of  the  strata  is  such  as  to  permit  us  to 
consider  the  schist  conglomerate  a  true  basement  conglomerate. 

Passing  beyond  the  gneiss  the  same  series  seems  to  be  repeated 
iti  reverse  order,  though  mure  careful  examination  is  needed  on  this 
point 

No.  1037  resembles  closely  1009  and  is  followed  by  No.  1038, 
which  is  identified  with  the  conglomerate  No.  1023.  This  is  followed 
by  schists.  The  contact  of  these  schists  with  the  granite  is  very  sug- 
gestive. At  a  little  distance  from  the  contact,  the  schist  (No.  1045)  is 
a  shining  green  chlorilic  mica  schist,  with  light  specks  scattered 
through  it.  Under  the  microscope  it  is  seen  that  the  green  mineral  is 
arranged  in  wavy  bands  separating  aggregates  of  quartz  in  a  finely 
granular  condition  with  large  porphyritic  brown  grains,  seemingly  ag- 
gregates. Close  examination  shows  however  that  the  brown  granular 
appearance  masks  caicite,  with  its  cleavage  and  irridesccnce,  and  a 
comparison  with  the  part  more  nearly  adjacent  to  the  granite  shows 
ihc  brown  grains  to  have  been  feldspar  from  the  latter. 

No.  1046  is  on  the  granite  side  of  the  contact  and  is  an  altered 
granite,  having  the  qiiarlr.  and  feldspar  imbedded  porphyritically  in  a 
magma  like  thai  of  the  schist.  The  orthoclase  is  much  altered  by  heat 
and  the  crystals  are  margined  by  caicite.  The  quartz  is  less  fractured 
than  in  1045,  but  on  the  whole  the  two  are  much  alike.     The  original 
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crystals  of  biotite  (?)  are  broken  up  and  greatly  altered.  The  unal- 
tt-red  granite  (No.  1042)  is  very  coarsely  granular  and  is  perforated  bf 
many  diabase  dykes  having  the  same  general  strike  as  in  the  schist 
The  granite  continues  10  Little  Bear  river  and  thence  to  Dore'  rivet, 
to  the  east  of  which  a  chloritic  slate  appears.  The  strike  is  S.  50'  E. 
with  a  dip  toward  the  southwest  of  about  45°,  though  the  siraa  arc 
very  tortuous  and  embrace  included  masses.  The  contact  with  iht 
granile  is  here  as  elsewhere  evidence  of  the  eruptive  nature  of  the 
graoiie.  Irving's  map  does  not  correctly  represent  the  distribution  of 
the  granite  in  this  bay.  Gros  Cap  is  the  promontory  west  of  Michi- 
picoten  harbor  and  is  said  to  bear  hematite  veins.  Bell  says  il  is 
composed  of  slaty  dioriie,  though  ihe  only  rock  seen  by  us  was  a 
tough  silicious  chlorite  schist.  At  Michipicoten  river  the  rocks  ate 
said  to  be  dark  hornblendic  mica  schist. 

Leaving  Gros  Cap  we  crossed  the  entrance  to  Michipicoten  hat 
bor  and  encamped  upon  a  narrow  beach  nearly  directly  south  of  the 
point.  The  rock  here  is  strongly  tortuous  and  confused.  Much  of 
the  rock  is  porphyritic  in  a  grayish-green  base,  while  other  portions 
are  of  dense  close  texture  and  uniformly  micro-crystalline.  In  one 
place  beneath  the  water  the  porphyritic  rock  could  be  seen  to  contain 
large  rounded  masses  of  a  different  color,  often  a  foot  or  more  in  di- 
ameter. These  were  supposed  lo  be  similar  lo  the  conglomerate  peb- 
bles of  the  west  side.  As  typical  of  much  of  the  unporphyrilic  rock 
of  this  shore  we  select  No.  1068,  which  appears  10  the  eye  like  a  mod- 
erately fme-grained  diorite.  The  thin  section  shows  it  to  have  under 
gone  great  alteration.  The  greater  part  of  the  field  is  made  up  ol 
elongated  unterminaled  fibrous  crystals,  lying  at  all  angles  and  frayed 
out  at  Ihe  ends.  These  are  of  a  pale  green  color  and  scarcely  pleo 
chroic.  The  ]iulari/ation  colors  are  \-ery  brilliant,  like  those  of  I  re  mo 
lite.  In  cross  section  two  sets  of  cleavage  lines,  with  an  appareni 
angle  of  120-130°  appear,  while  the  longitudinal  cleavage  lines  an 
frequently  wavy.  The  twins  are  numerous  and  in  the  plane  i-i,  ant 
ihe  extinction  angle  c  :  c  ^  nearly  exactly  15°.  This  combination  o; 
characters  is  hard  to  understand.  The  absence  of  pleochroism  aoc 
brilliant  polarisation  indicate  a  monoclinic  augitc,  but  the  extinctior 
angle,  cleavage,  and  habit  are  like  hornblende.  This  is,  therefore,  s 
decomposing  hornblende  like  uralite  in  genera!  appearance  and  likt 
aclinolile  in  character.s.  The  iron  has  nearly  disappeared  from  iht 
whole  rock,  a  few  scales  of  hematite  being  found  in  the  hornblende. 
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The  remaining  ingredients  of  the  diorite.  with  the  exception  of  the 
rather  small  amount  of  quartz,  are  more  completely  ahered.  The 
place  of  the  plagioclase  is  taken  by  an  opaque  white  amorphous  sub- 
stance and  the  interstices  are  filled  with  granular  light  material.  A 
few  crystals  of  decayed  augite  are  seen,  which  have  large  quanlilies 
of  iron  in  scales  and  grains.  Here  and  there  grains  of  calcite  indicate 
where  some  of  the  decomposition  products  have  gone.  There  are  ex- 
posed a  few  interesting  masses  of  ilmenite,  in  which  the  hexagonal 
plates  are  matted  obliquely,  which  show  under  the  microscope  the 
characteristic  bronzy  reflection. 

No.  1064  is  essentially  similar.  It  is  a  very  tough,  homogen- 
eous, greenish-grey  rock.  The  actinolite  is  in  the  condition  described 
above  and  the  accessories  are  ilmenite,  calcite,  and  apatite.  It  pre- 
sents to  the  eye  the  appearance  of  a  fine-grained  diorite,  altering  to 
serpentine.  Irregular  bands  of  a  lighter  colored  rock  occur  in  this 
mass.  Such  a  specimen  is  No.  1065,  which  is  a  confused  mass  of 
finely  granular  material  in  which  quartz,  calcite  and  chlorite  can  be 
identified.  Strings  or  veins  of  calcite  are  abundant,  and  scattered 
through  the  magma  are  many  dark  grains,  the  centres  of  which  are 
generally  filled  by  a  single  crystal  of  secondary  calcite. 

No.  1066.  This  is  the  porphyritic  phase  before  spoken  of,  which 
also  contains  the  larger  pebbles.  Here  and  there  in  the  section  are 
large  rounded  grains  of  quartz,  broken  and  intersected  by  the  finely 
granular  magma.  The  latter  is  not  essentially  different  from  the  basis 
of  1065,  but  is  crowded  with  rounded  grains  of  oligoclase.  Grains  of 
secondary  calcite  and  veins  of  the  same,  also  pyrite  and  perhaps  titan- 
ite  are  seen  in  the  slide.  It  would  appear  that  the  magma  is  full  of 
minute  scales  of  chlorite,     ( Plate  X,  Fig.  2.) 

The  only  explanation  suggested  for  the  curious  condition  of  the 
rock  here  is  that  the  metamorphism  was  excessive  and  resulted  in  a 
thorough  suffusion  of  the  original  slate  with  intrusive  matter  as  well  as 
pasty  portions  of  the  adjacent  sediments,  reducing  all  to  a  somewhat 
homogeneous  character.  The  conglomeritic  phases  of  the  slate  being 
rendered  pasty,  the  pebbles  were  at  first  unaffected  and  were  in- 
truded upon  by  the  more  fluid  matter  below.  They  were  subjected  to 
more  violent  flowage  by  reason  of  the  obstinate  pebbles  during  which 
the  ingredients  of  the  pebbles  were  partly  set  free  and,  although  the 
magma  was  in  part  melted,  the   larger  crystals  remained  dispersed  in 
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THE   CLINTON  GROUP  OF  OHIO.— Part  III. 


BY    A.    F.    FOERSTE. 


BRYOZOA. 


The  Clinton  Group  of  Ohio  is  remarkable  for  the  fine  preservation 
of  a  series  of  Ptilodictyonidic  of  rather  large  size,  and  for  the  meagre 
representation  of  all  other  families  of  the  bryozoa.  In  1875,  ^^^^  ^^^ 
Whitfield  described  five  species  from  the  Soldiers'  Home  Quarries,  in 
Ohio  Paleontology,  Vol.  II.  In  1878,  U.  P.  James  described  two  spe- 
cies, in  The  Paleontologist,  No.  I,  in  1879,  three  more  in  No.  Ill,  of 
the  same  periodical;  these  specimens  were  collected  in  Clinton  county, 
at  an  exposure  three  miles  north  of  Wilmington,  along  Todd's  Fork. 
In  1882,  Hall  described  seven  species,  in  Indiana  (ieol.  Surv.  12th 
Ann.  Report;  the  basis  of  these  descriptions  was  some  drawings  and 
antiquated  notes  left  by  Mr.  Van  Cleve;  the  specimens  were  collected 
at  Dayton,  probably  in  the  region  of  the  Soldiers'  Home  Quarries. 
The  drawings  of  Mr.  Van  Cleve  were  the  work  of  an  artist,  rather  than 
the  careful  copy  by  a  naturalist  of  the  specimens  at  hand.  His  bryo- 
zoa, however,  are  readily  enough  determined.  These  publications 
have  given  rise  to  quite  a  little  synonomy  considering  the  small  num- 
ber of  species  involved ;  our  large  collections,  however,  from  the 
original  localities  will  readily  unravel  any  confusion  that  may  exist. 


wcumji  or  thk  LuinuTcmcs 
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In  the  foDowiog  pages  tbc  s)'itmi  of  «rl»«a(iciiinn  used  is  tlut  of 
Mr.  E.O.  Ulricfa.  Thtt  perewtatet  ihe  ciiange  of  many  genetic  refa- 
coccs.  UnloTtunate  as  this  may  be,  vbcn  a  name  has  bevxiote  *"-— ■*^" 
and  h»  b«en  imirersalljr  adopted,  it  is  neceasitaied  by  very  dear  and 
mircnally  recogniied  bets.  The  descriiKtioa  of  hryntaa  hxs  uuil  re- 
cendy  coOMStcd  chiefly  of  the  characterizadon  of  the  extcnul  features 
of  ibc  ipeciinen.  Specimens  of  very  difiercDt  structure  have  often 
Ikcd  XMOctated  together  io  incongnious  genent  on  the  e%-ideoce  of 
nternal  feature*  alone.  In  conseqaeace  aUo  of  that  system  of  classi- 
fication, generic  rallies  were  ill  understood,  and  types  of  genera 
coold  not  pfmc  a  key  to  the  situation.  The  new  method  has  sought  to 
furnish  a  scientific  basis  to  this  artificial  clas^A cation,  and  an  uoilincb- 
ing  application  of  the  univereally  recognised  rules  applying  to  the  type 
•pedes  of  genera,  has  made  the  avoidance  of  such  changes  simply  im- 
(Mmible.  In  view  of  these  facts  it  is  rather  amusing  to  notice  the  feel- 
ing onMng  many  of  our  American  paieoniologists  that  Mr.  E.  O.  UV 
rich  is  unsettling  the  foundatioo:^  of  the  classification  of  bryozoa.  when, 
in  fact,  he  and  the  prominent  European  students  of  bryozoo,  are  mere- 
ly doing  all  they  can  to  give  us  a  finn  basis.  Mt.  Ulrich  has  asasted 
uc  »o  much  in  the  investigation  of  bryoxoa.  by  advice,  ciilictsms,  the 
presentation  of  sj)ecimens  and  the  investigation  of  my  own,  that  I  can 
only  cxjjruss  general  indebtedness. 


FKNK.STKI.1.1I).+;,    King. 


'/Mria  ruti.  iil.Ued  by  ihi.^ 
..dL-xen.e  of  the  short  n. 


riaiioiiiosing  of  stems,  or  fent>traied  l<\ 
i-poriferoiis  liranches  of  adjacent  ■items, 
m  one  side  only  ;  i!ie  cells  sub-mbiibr, 


Gf.ni.,  1'HV1.I.01'(JR1N.\.    Ulrich. 

Zoaria  flabellate,  perhajis  infundibulifomi  when  entire,  consisting 
inastiiinosing  stems  which  form  elongated,  irregular  meshes.  Sec 
s  made  transversely  at  some  di>iance  from  ihe  [joriferous  side  show 
I-  one  kind  of  cells.  Sections  passing  jnst  beneath  the  surfact 
11  lo  [lasi  through  short  interstitial  cells,  which  are  closed  at  the  sur 
Sjje'.ies  of  this  genus  have   usually  been  referred  to  RcUpora. 


^ 


or    DENTSON  DNIVERSTTY. 


1.     Phvlloporina  angulata.  Hatt. 
{PlaU  XV.  Fig.  I  ;  J^te  XVII,  Fig.  i.) 
Kctepora  angulaU  ?,  Htll  and  Whitfield   f.Ji.  Oaytvnemii  proposed),    1875; 

Ohio  Pal,  Vol.  11.  p.  III. 
Ketepora  angulata,  Hill,  iSSi  ;  ulh  Ann.  Geo].  Rep.  Indiana,  p.  ibq. 

Frond  found  in  llalwllate  fragments,  originally  perhaps  infundi- 
buliform,  reticulated  by  the  anastomosing  of  the  dichotomously  divid- 
ing stems,  forming  elongated  fenestrules,  which  are  of  small  si/e  to- 
wards the  base  of  the  frond,  increasing  in  size  above ;  fenestrules  from 
the  same  portion  of  the  frond  of  about  the  same  size.  Poriferous  side 
strongly  convex,  the  non-poriferous  side  much  less  convex,  and  lincly 
striated  longitudinally.  The  cells  are  separated  only  by  the  cell-walls 
below,  above  they  become  constricted,  opening  upon  the  surface  as 
small,  rounded  apertures  which  are  more  or  less  removed  from  each 
other,  the  intermediate  portion  seems  often  to  be  occupied  by  short  in- 
terstitial cells  not  visible  at  the  surface.  The  cells  are  arranged  in 
four  rows  along  the  stems,  the  lateral  rows  opening  directly  upon  the 
fenestrules.  Cross-sections  show  that  the  two  lower  rows  arise  along 
the  middle  of  the  non-porlferous  side  and  extend  along  the 
same  to  the  lateral  apertures,  the  two  middle  rows  arise  very  near  the 
origin  of  the  lower  rows,  and  open  along  the  upper  side  of  the  stem. 
Partition  walls  extend  longitudinally  between  the  cells;  in  division, 
the  middle  wall  usually  divides  dichotomously  and  terminates  at  the 
origin  of  the  new  branches,  the  two  lateral  walls  form  the  centra!  par- 
tition wall  of  the  new  branches ;  the  lateral  partition  walls  in  the  branch- 
es seem  to  arise  from  (he  middle  wall  by  lateral  division.  During  an- 
astomosis, one  or  the  other  of  the  stems  seems  to  prevail  and  to  give  di- 
rection to  the  cells  of  the  new  structure. 

The  ordinary  variety  of  this  species  is  of  common  occurrence, 
and  is  characterized  by  rather  stout  stems  anastomosing  at  comparative- 
ly short  intervals  ;  another  variety  with  er|ually  stout  stems  has  much 
more  elongated  fenestrules,  3  ram.  or  even  more  in  length.  The  va- 
riety for  which  the  name  R.  Daylonensis  was  suggested  has  ('ery  nar- 
row branches,  about  .25  mm.  broad,  forming  fenestrules  3.5  mm.  long. 
This  form  is  said  lo  differ  from  the  typical  forms  of  Ph.  anguiata  in 
"not  possessing  the  angular  ridges  between  the  pores,  and  in  having 
the  borders  of  the  pores  elevated,  forming  the  spur-like  projections 
L'Which  that  species  does  not  show."      In  our  specimens  a  nodose  ridge 
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along  the  middle  of  the  stems  is  very  evidenL  A  similar  ridge  seems 
to  extend  aloag  either  side,  thickening  the  inner  side  of  the  ialer^l 
rows  of  cell  apertures.  Since  the  alternate  arrangement  of  cells  is 
not  regular,  the  lower  cells  are  often  i)rought  beneath  the  upper  ooe, 
and  then  give  them  the  appearance  of  having  "a  spur-like  lip"  on 
the  lower  side  ;  and  again,  when  these  specimens  are  not  free  frotn  the 
surrounding  rock  they  may  appear  to  have  only  two  or  three  rows  of 
cells,  and  this  same  arrangement  may  give  the  false  impression  thai 
the  cells  "  of  the  lateral  ranges  have  the  outer  lip  extended  and  ele- 
vated, bringing  that  side  of  the  margin  to  a  level  with  the  inner  mar- 
gin."    About  7  cells  are  found  in  a  distance  of  2  mm. 

Loatiity  and  position.  Soldiers'  Home  Quarries,  Brown's  Qust- 
ry.  Fair  Haven,  Todd's  Fork,  CUnton  Group. 

Genus  HEMITRVPA,  Phillips, 
Zoaria  infundibuliform,  poriferous  on  the  inside,  with  branches 
nearly  straight  and  connected  at  regular  intervals  by  non-poriferous 
dissepiments.  Cells  in  two  rows,  separated  by  a  thin  median  keel.  The 
keel  is  supplied  with  elongated  tubercles  above;  from  the  columns 
thus  formed,  slender  lateral  processes  extend  on  either  side  to  the  cen- 
tre of  the  space  between  the  keels,  where  they  are  united  into  a  deli- 
calL-  ntlwurk,  forming;  two  series  of  openings  between  e:K'h  [lair  of 
keels,  the  openings  corresponding  in  number  to  the  cells  beneath. 

11.        HEMFTkYPA    UlRICHI,    Sp.    «. 

(Fl,ii€  XV,   Fig.  i;  Piatt  Wll,  Fig.  2.) 
Frond  infiindilmliform  below,  broad  and  horizontally   exjiandcd 
above,  the  edges  in   large  sjiecimens  decumbent.      Diameter  of  tht 
largest  specimen  seen,  40  mm;  but  fragments  indicate  that  the  speci- 
mens may  attain  a  width  of  even  Co  mm. 

The  poriferous  side  rarely  shown  and  even  then  the  pores  are  usu- 
ally obscured  by  a  jwculiar  network  which  is  stretched  above  them. 
Branches  with  a  median  keel  along  the  summit  of  which,  siiiiaied  .il 
regular  intervals,  are  a  number  of  jirominences  from  which  slender 
processes  extend  horizontally  to  the  centre  of  the  space  between  the 
keels.  The  processes  of  adjacent  branches  unite  along  the  middle  of 
the  sj)ace  between  the  keels,  forming  a  net,  the  circular  openings  of 


wBTch  usually  alternate  between  the  keels  of  .idjaceni  branches,  but 
are  opposed  when  situated  on  opposite  sides  of  the  same  keel.  The 
mesh-work  thus  formed  is  very  beautiful.  The  openings  correspond  in 
numlicr  and  situation  to  the  cells  beneath.  Microscopical  sections 
show  the  cells  to  he  angular  below,  becoming  rounded  and  circular 
above,  and  o[>ening  laterally  upon  the  sides  of  (he  branches.  About 
three  cells  occupy  the  length  of  a  fenestrulc. 

The  non-poriferous  side  forms  the  upper  or  inner  face  of  the  frond, 
and  is  the  face  usually  presented.  The  branches  are  of  medium  size, 
from  5  to  6.  usually  5.5  in  the  width  of  2  mm,  remotely  bifurcated, 
connected  by  dissepiments.  Dissepiments  strong,  two-thirds  as  wide 
as  the  branches,  in  some  cases  wider,  in  others  narrower,  about  4  to 
4.5  in  the  length  of  3  mm.  The  branches  appear  smooth  in  perfect 
specimens,  slightly  striated  longitudinally  in  worn  specimens.  The 
fenestrules  are  oblong  in  form,  the  corners  rounded. 


Named  in  honor  of  Mr.  E,  O.  Ulrich.  to  whose  kin 
am  in  many  ways  indebted. 


The  keels  of  Htmilrypa  iubia.  Hall,  i 


transverse  bars  ; 

tiypa,  /fall,  and  our  Clin 

of  Htniitrypa  known. 


ineeled  by  continuous 


s  therefore  a  member  of  the  genus 
n  species  is  undoubtedly  the  oldest  species 


Locality  and  position.      Brown's  QuLirry.  Clin 


PTlLOniCTYONID.*:,   Zittel. 


Zoaria  consisting  of  compressed  branching  or  simple  leaf-tike  ex- 
pansions, composed  of  two  layers  of  cells,  grown  together,  back  to 
back,  by  the  adhering  of  their  epithecal  lamina;.  Interstitial  cells, 
when  present,  never  in  the  form  of  vesicular  tissue. 


Genus  CLATHROPORA,  Hall. 


Zoaria  consisting  of  dichotomously  dividing  branches  which  anas- 
tomose at  fairly  regular  intervals,  forming  a  flabellaie  fenestrated  frond. 
Interstitial  cells  entirely  wanting. 
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III.       ClATHROPORA    FROKDOSA,    Ht^. 

(HaU  XV,  F^.  3;  /7a*  XVII.  Fig.  3.) 

ClalhTopora  froiidMa,  Hall,  iSS;,  iiih  ladianaCcol.  Rcfiott. 
Fronds  flabellatt-,  composed  of  branches  which  divide  dichoto 
mously  at  short  intervals,  forming  short  curves,  which  come  in  coatia 
again,  coalesce,  and  divide  as  before ;  by  this  means  3  fenestrated 
frond  is  produced,  which  would  alternately  consist  of  a  series  of  shon 
free  branches  or  a  series  of  rings  along  the  growing  edge,  if  ihe  growili 
were  regular.  In  that  case  the  fenestrules  would  be  also  arranged  in 
a  concentric  series  of  rows,  the  rows  containing  one  more  fenestrulc 
ftfier  each  reunion  uf  the  branches.  .\s  a  matter  of  fact,  bifurcation 
docs  not  proceed  in  so  regular  a  manner,  but  still  enough  regularity 
exists  to  place  the  fenestrules  in  something  like  lines  or  curves,  which 
are  often  very  striking,  TTie  fronds  expand  rapidly  above,  the  sidet 
forming  broad,  outward  curves,  the  anterior  edge  being  broadly  round- 
ed. The  fenestrules  are  comparatively  small,  oval  or  even  circular  in 
shape.  The  cells  are  quadrangular,  rhomboidal  or  hexagonal  in  form, 
never  typically  elongated.  From  7  to  8  cells  occupy  a  length  of  i 
mm.  The  number  of  cell-rows  on  the  branches  varies  from  8  10  17 
The  fenestrules  are  also  variable  in  si^e,  an  average  size  being  2  mm, 
The  fronds  freipiently  become  very  large.  att.Tining 
ith  of  200  mm.  The  base  of  ihe  fronds  in  the  iivci 
alone  preserved  this  portion  was  obser\cd  to  bi; 
ouiidcd  just  l)enealh  the  first  fenestrulc,  indicating  thai  ilif 
u.hed  by  the  stijje  to  an  articulating  l)ase  ;  the  laucr  h.is 
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j.AIIiKOl'OKA   ClASTVS KS&l-i,  //il//  aiiii    ll7ii/^i-/J. 
(Plate  XV.  Fig.  4;   Piatt  XVII,  Fig.  4.) 


flalhro 


^  Cliiiio 


;  Ohio,  I'al.  ' 


Fronds  very  similar  to  the  List,  (he  fenestrules  varying  from  ;  tu 
5  mm.  in  length  :  typically  they  are  of  larger  si/e  than  those  of  C. 
frondosa,  and  are  more  elongated  and  irregut.ir  in  form,  varying  from  oval 
lo  uv.Uf,  siib-rhoniboidal,  or  even  irregular  in  oiiiline,  the  upper  ]jarl 


) 
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of  the  fenestrules  being  frequently  more  or  less  acute.  The  compara- 
tive width  of  branches  and  enclosed  fenestrules  has  no  specific 
value  whatever,  the  character  of  real  importance  being  the  form  of  the 
cells,  which  are  elongated  oval  in  form,  the  length  equalling  about 
twice  the  width.  The  cell  aperturesare  arranged  between  quite  prom- 
inent longitudinal  ridges.  From  6  to  7  cells  occupy  a  length  of  z 
The  base  of  the  only  frond  preserving  this  feature  seems  to  pass  with- 
out inlerruplion  into  a  stipe  about  4  mm.  broad  and  18  mm.  long,  to- 
wards its  origin  the  base  becomes  rapidly  attenuated  and  may  hav 
ticulaied  with  some  expanded,  rooting  structure.  Until  more  speci- 
mens of  this  kind  are  discovered,  this  feature  can  have  no  value. 

Locality  and  position.  Soldiers'  Home  Quarries,  very  common  at 
Fair  Haven,  Clinton  Group, 

I  Genus   PTILODICTVA,  I-onsdale. 

'  Zoaria  wedge-shaped  below,  above  expanding  into  an  undivided 

leaf-like  expansion.  The  cells  are  arranged  in  diagonal  cross-rows  or 
have  a  plumose  arrangement,  diverging  in  rows  from  central  longitudi- 
nal series  of  cells,  which  usually  are  of  smaller  size.  Interstilial  cells 
wanting.  A  n  on -poriferous  margip  occurs  in  most  species,  this  if 
present  in  the  following  species  must  be  very  narrow. 

V.     Ptilodictva  ^xpAtistL,  Mall  anJ  WhitfUtd.  ^ 

{^Platt  XV,  Fig.  5;   Plait  XVII,  Fig.  5,) 

Phxnopora  (Ptilodiciya)  eitpaD»,/n''i,  Hall  and  Whiltidd,  1S75 ;  Ohio,  Pal. 
Vol.  II.       Plate  V,   fig,    1,  is  a   specimen   of    Ph-citefara  platyphyUa, 
Jamtu  1879. 
Plilodictya  expansa,  Hall,  1S83  ;   Ulh  Indiana  Geol.  Rep.     The  originai  de- 
tcription  is   here  republished,  bul  Plate  12,  figs.  2  and  3  ate  correctly  identified. 

Frond  arising  from  a  wedge-shaped  base,  gradually  enlarging, 
forming  lanceolate  expansions,  ot  elongated  oblong  forms  with  paral- 
lel sides.  Epithecal  membrane  marked  by  lunate  lines  of  growth 
along  the  mesial  series  of  cells,  their  convex  sides  directed  forward  j 
along  the  sides  of  broad  specimens  there  are  often  longitudinal  wrin- 
kles, perhaps  indicating  that  these  specimens  were  derived  from  the 
narrower  forms  by  lateral  growth.  Along  the  middle  of  the  frond  ex- 
tend from  4  to  7  longitudinal  series   of  cells,  which  are  always  con- 


I  narrowe 

^^^  tend  frf 
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spiciiously  narrower  than  the  lateral  rows,  in  sections  made  just  above 
the  epithecal  membranes.  The  central  cells  often  show  a  tendency 
towards  a  secondary  horizontal  arrangement,  the  lateral  cells  however 
have  also  a  well-defined  secondary  diagonal  arrangement,  diverg- 
ing from  the  central  rows  of  cells  at  an  angle  of  about  15°  above 
a  line  drawn  horizontally  across  the  surface  of  the  frond.  The  small- 
er size  of  ihe  mesial  cells,  and  (he  diverging  cells  on  either  side  give 
the  frond  a  leaf-like  or  rather  a  plumose  arrangement  which  is  verj- 
characteristic. 

Cells  angular  below,  quadrangular  or  rhomboidal ;  rounded  at 
their  apertures,  oval  or  almost  circular ;  arranged  between  longiiudi- 
nal  raised  lines.  Fragments  of  variable  size  have  been  found,  often 
70  mm.  long,  without  any  evidence  either  of  base  or  apex.  Full  grow  d 
specimens  were  probably  15  to  20  mm,  in  length.  The  broadest  speci- 
men with  perfectly  parallel  sides  seen  was  16  mm.  broad  ;  the  broad- 
est  specimen  of  those  of  more  irregular  form  measured  25  mm.  from 
the  mesial  series  of  cells  to  the  lateral  edge,  the  entire  width  therefore 
was  probably  50  mm.  Mesial  cells  usually  number  14  to  16  in  a 
length  of  4  mm  ;  lateral  cells,  10  to  14  in  the  same  length.  From  17 
to  ly  lateral  cells  occur  in  a  width  of  4  mm.  The  mesial  cells  are 
narrower  than  the  lateral  cells,  but  the  degree  of  narrowness  is  vari- 
able. 

There  is  not  the  least  doubt  of  the  identity  of  the  first  figure  jiiib- 
lished  with  PhidH'pora  phityphylla,  James,  a  form  related  to  Ph.  consul- 
lata.  Hall,  with  which  species,  indeed,  the  authors  compared  our  Ohio 
siHJcimens.  IJui  the  identification  made  by  Hall,  among  the  figures 
prepared  by  Van  Cleve.  evidently  shows  that  the  authors  had  an  elon- 
gated species  in  mind  which  they  considered  typical. 

.\gain  most  of  ibe  distinct  features  mentioned  in  the  original   de- 
scripiion  are  those  of />;7('i/(i:/('U<-.v/.7W<i.     These  are  :   "  fronds  form- 
ing    ,,      ,     elongate  stipes,     .      ,     .     the  lateral  edges  are 
generally    parallel,     .     .     .     thin    longitudinal    partitions  .      . 

slightly  raised  above  the  upper  and  lower  walls  of  the  cells,  .  ,  . 
cells  ...  in  horizontal,  or  nearly  horizontal,  rows,  diverging 
from  the  antral partilion  at  an  angle  of  about  fifteen  degrees  above  a 
hori/.ontal."  The  reference  to  "  macul.-e  "  is  of  course  a  description 
of  fcatnrei  belonging  to  the  specimen  of  Phitnopora  plat)phylla  figured. 
There  \>  some  dmibt  as  to  the  meaning  of  the  words  '"  central  jiarli- 
lion'  which  1  have  itali.ised.       If  these  refer  to  the  narrow  mesial  cell 
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rows,  ihe  description  is  intelligible  and  pertinent  ;  if  not,  it  has  no  tan- 
gible meaning  for  either  species.  We  believe  that  in  this  case,  where 
we  have  two  generic  references,  a  description  including  characteristics 
of  two  species,  and  ligiires  of  two  species,  it  is  most  advisable  to  make 
the  original  description  the  material  from  which  to  unravel  the  form 
which  is  to  be  considered  authentic. 

Locality  and fositi-m.  Forms  with  parallel  sides  are  found  frequent- 
ly  at  Todd's  Fork,  Clinton  county,  and  rarely  at  the  Soldiers'  Home 
Quarries.  Broader  forms  with  less  regular  sides  are  common  at  the 
Soldiers'  Home  Quarries,     Clinton  Group. 


Gekls  I'H.-EN0P0R.'\,   Hall. 

Zoarta  forming  simple  or  branching  fronds  without  a  distinct  non- 
poriferous  edge ;  the  pores  of  the  edge  seetn  to  be  of  the  same  rank 
with  the  interstitial  cells.  Cells  arranged  in  longitudinal  series,  sepa- 
rated at  their  ends  typically  by  two  interstitial  cells,  although  their  num- 
ber may  be  so  increased  in  different  parts  of  the  same  frond  as  to  even 
completely  surround  the  cells.  A  transverse  septum  at  the  base  of  the 
cells  is  also  characteristic.  The  bases  of  the  zoariaare  attenuated  and 
rounded,  on  somewhat  pointed,  showing  that  articulation  had  formerly 
existed  with  some  fixed  base. 


VI.       PH.I^.NOPORA    I'LATVi-HVLLA,   /allies. 

{Plait  XVI,  Fig.  1  ;  PlaK  XVII,  Fig(>.) 


Phanopora  (Ptilodiclyn)  expansa,  pa 

V,  fig.  1, 

Plllodictya  plalyphylla,  Jamc!,  1879,  Palei 
Ptilodiclya  bipunctata  (Van  Cleve)  Hall, 


Hall  and  WhillicM, 


ing   Pla. 


I 

^^^  Plllodictya  plalyphylla,  Jamc!,  1879,  Paleontologist.  No.  3. 

'  PtilcHJiclya  bipunclala  [Van  C!eve)  Hall,  1383.  12th  Indiana  Geol.  Report. 

Frond  beginning  with  a  small,  narrow  stipe,  which  at  its  origin  is 
obtusely  pointed,  or  almost  rounded,  indicating  articulation  with  some 
attached  base,  rapidly  widening  above  into  a  broad  flabellate  expan- 
sion, the  contour  in  general  being  rounded,  but  tiexuous  in  certain  places 
where  growth  has  been  irregular;  never  branched.  The  surface  cov- 
ered by  conspicuous,  rounded  tubercles,  having  a  tendency  to  arrange 
themselves  in  rows,  about  six  tubercles  appearing  in  a  length  of  15 
mm ;  sometimes  the  tubercles  have  a  tendency  to  be  somewhat  point- 
ed.    The  surface  is  occupied  by  the  cell  mouths,  which  are  very  small. 


E   UkBOKATOUES 

circaiaT.  or  dii^ilj  oval,  anaf^ed  id  longuuduul  series,  aboui  eight 
ia  iht  lei^ih  of  3  am.  TjpicaHf  two  inieisttlial  ceOs  aie  fouod  U 
the  curaaibes  of  tbc  c«Us;  id  tome  speciinens,  bowever,  additkiDal 
imcnddsJ  ccUs  appo'  ^^Hig  ibe  ades  of  tbe  cell,  or  even  u  tbe  ex- 
trcfoities,  so  tku  the  cells  are  lonetiaics  conpletdy  surrouodcd  bjr  io- 
tcTUiim  celb.  Tbe  cell  rows  are  tepanted  by  nbed  ridges,  which 
afifteat  like  a  narrow  boe  nuinii^  between  tbe  lOOS  and  cU»e1r  pressed 
by  tbe  cells  and  intentilial  cells  on  either  ade;  or  tbey  become  quiu 
broad  and  poorly  defined,  bearing  on  tbeir  surfacv  all  tbe  laterally  at- 
nated  iniersitial  cclli,  Ifae  mouths  of  which  are  apt  to  be  of  an  elo&- 
galed  rather  tbui  cirtuUr  sfaj(>c ;  whenever  the  inlerstilial  cells  become 
very  numerous  these  separating  ridges  arc  api  lo  diia{^»ear  entirely  in 
a  disordered  va»^  of  cells  and  interstitial  cells-  All  these  changes 
may  appear  in  one  and  (be  same  species.  At  the  summit  of  the 
taberclcs  one  or  more  cells  are  apt  to  be  suppressed ;  tbeir  places  are 
then  Uken  by  intcrstiiia)  cells.  The  edges  of  tbe  frond  are  acuie;  no 
oon-porifcFous  tuaigin  bas  been  obseT%-ed.  bui  considering  the  nature 
of  dkc  growib  of  the  species,  this  is  rather  to  be  expected.  Specimens 
are  usu^y  (bund  Avided  in  the  middle,  the  epithecal  laminae  being 
exposed,  and  the  cdlaliferous  face*  lieing  adherent  ro  ihc  ruck 
in  which  the  specimens  were  imbedded.  The  epithecal  mem- 
brane is  smooth,  or  wrinkled  transversely  in  curves,  which 
lo  >omc  degree  mark  v.iriuiis  st.iges  of  growth,  and  conform 
ihtref'-ire  "  iih  ihe  j^eneraj  outline  of  the  flabellate  frond.  Through 
the  ei-iiht<-.il  mcmUr.ine  longitudinal  lines  may  be  seen,  which  are  the 
lamiii.e  that  separate  the  tell  rows ;  between  these  are  diagonal  lines 
dividing  the  surface  into  small  suljimbricating  rhombs;  sometimes 
short  iran-ver^t-  lines  intersect  the  di.igonal  lines  of  the  rhomb.  From 
the  e;iithetal  laminae  the  cells  diverge  to  the  opposite  faces  of  the 
frond,  making  an  an^'le  of  65°  or  m  ire  with  the  epithecal  lamin.-e, 

Kronds  vary  in  size :  one  of  the  largest  specimens  seen  being  100 
mm.  broad  and  1  jo  mm,  long.  Eight  cells  are  found  in  the  lenj^th  of 
2  mm  ;  eight  or  nine  rows  occupy  the  same  distance  measured  trans- 
versely. The  thickness  varies  from  a  thin  expan.sion  to  a  frond  2  mm, 
thick,  rarely  attaining  a  thickness  of  even  5  mm. 

The  figure  accomjianying  the  original  description  of  Ptihdklya 
txpiinsa.  Hall  and  Whitfield,  belongs  to  this  species  and  the  description 
of  th.it  >]ie<  ies  shows  that  sjiecimens  of  this  species  were  by  mistake 
used  ill  Ihe  determination  of  its  characters.      This  species  is  evidently 
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closely  relaled  to  P/i.  conslellata.  Hall,  from  the  Clinton  Group  of  Can- 
ada. A  specimen  froni  Hamilton,  Ontario,  before  me,  may  be  distin- 
guisbed  by  the  fact  that  the  monticules  appear  only  as  slightly  elevated 
patches,  and  the  thickness  of  the  frond  is  reduced  to  very  small  dimen- 
sions, perhaps  .7  mm,  and  the  frond  seems  to  have  been  of  small  size. 
Specimens  collected  by  Prof  N.  S.  Shalcr.  however,  from  Anttcosti, 
Canada,  show  all  the  features  of  our  Ohio  specimens. 

Locality  and  position.     Soldiers"  Home  Quarries,  Allen's  Quarry, 
Fair  Haven,  Todd's  Fork,  Clinton  Group. 


^^^^tict 

^^  Fro 


Pn.t:>joi»OH.\  MAGNA,   HaU  and  Whitfidd, 
:U  XV,  Fig.  6;  Plate  XVI,  Fig.  3;  Plate  XVII,  Fig.  7,) 


topora  inngnn.  Hall  and  Whitfield,  1&75,  Ohio,  Pal.  Vol.  II. 
ttictopoia  compresR,  (VanCleve)  Hall,  1883.  :3lh  lD<li:ina  Ceol.  Report. 

Frond  beginning  with  a  narrow  stipe  which  is  rounded  at  its  ori- 
gin, indicating  that  its  base  was  articulating,  gradually  widening,  until 
it  attains  a  width  of  about  6  mm,  then  branching  dichotomously,  Th& 
dichotomous  character  of  the  branching  is  frequently  obscured  by  the 
unequal  development  of  the  branches  and  by  the  unequal  intervals 
between  the  place.s  at  which  branching  takes  place.  When 
the  specimens  exist  only  as  fragments,  pieces  of  fair  size  may 
sometimes  be  found  which  seem  to  be  portions  of  lengthened,  undi- 
vided fronds,  and  it  is  very  probable  that  species  of  this  genvis  have 
been  described  as  unbranched,  simply  because  the  material  in  hand 
was  fragmentary.  The  general  appearance  of  the  frond  varies,  there- 
fore, exceedingly,  from  a  long,  scantily  branched  specimen,  to  one 
whose  numerous  branches  look  like  narrow  ribbons  woven  together. 
The  angles  at  which  the  specimens  branch  vary  exceedingly,  from 
small  angles  of  only  to",  in  which  the  bending  of  the  branches  for 
even  a  slight  distance  is  sufficient  to  make  them  overla])  each  other,  o« 
assume  a  parallel  direction,  to  angles  of  80°  or  even  go".  The  sur- 
face is  covered  by  conspicuous  tubercles,  usually  low,  broad,  and 
rounded,  but  sometimes  pointed  and  well  defined,  with  a  less  regular 
arrangement  than  in  the  former  species,  or  even  scattered ;  about  5 
tTibercles  usually  occupy  a  length  of  9  mm,  although  this  is  subject  U> 
great  variation. 

The  cell  mouths  are  small,  circular,  or  slightly  oval,  arranged   la. 
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longitudinal  series,  about  eight  in  a  length  of  i  mm :  ten  or  eleven  of 
these  series  are  found  in  a  width  of  2  mm.  The  longitudinal  series 
are  well  defined  by  thin,  slender,  raised  lamella,  n-ithovit  the  coraplci 
structure  mentioned  in  the  former  species.  The  lamellie  separating 
the  cells  from  the  inlerstitial  cells  appear  at  the  surface  like  fine  threads, 
connecting  the  longitudinal  lamellae,  and  they  cross  each  other  at  eqml 
distances  between  the  same,  thus  enclosing  two  interstitial  cells  at  the 
ends  of  the  cells.  In  the  tubercles  they  become  more  numerous  and 
either  surround  the  cells  or  entirely  supplant  the  same.  TTie  branches 
arc  quite  thin  and  Hat;  the  edges  are  thin  and  sharp,  and  are  occupied 
by  minute  pores  or  cells,  corresponding  in  size  to  the  interstitial  celU 
and  forming  only  a  narrow  margin.  Interstitial  pores  are  apt  to  \x 
numerovis  in  the  cell  rows  along  the  edges  of  the  branches.  Speci- 
mens usually  divided  at  the  centre,  showing  the  epithecal  larain^; 
these  are  wrinkled  transversely,  the  wrinkles  being  lunale  in  the  mid- 
dle of  the  frond,  and  deflected  backwards  on  either  side  to  the  margin. 
The  exterior  surface  is  rarely  seen. 

Fronds  vary  in  size,  a  well  grown  specimen  being  1 10  ram.  long 
and  80  mm.  broad ;  the  branches  vary  between  5  and  8  mm.  in  width, 
and  a  form  found  at  Fauver's  Quarry  occasionally  attains  a  «-idth  of 
10  mm      Their  thickness  varies  between  1.5  and  2  mm. 

Locality  and  position.  Soldiers'  Home.  Brown's  Quarry  {a  narrow 
variety).  ,in<l  Fai.vcr's  (Jiiarry.  Clinton  Group. 


(  Van  Cl.Te)  Hall. 


{Plate  XVI,  Fig,.  3.) 


1hHo|orimuhinji    |\ai 

Irond  be„mnm„'«il 
brcidth  of  4  or  5  mm  is 
small  angles,  the  branches  rem 
closeh  together  and  ilmost  ton 
than  their  width  apirt  The  1 
br inches  formmg  -i  sub  trian^ii 
vision  the  branches  at  their  ti|; 
apirt  111(1  It  tliL  InsL  toiichm., 
tmuoiis   frond  ntar  the   stipL 


,    I    th  Ini  ana  (  eol    Keputl. 

{^riduilh  widening  until   a 


incd    then  brinthing  dichotomously  at 

lining  I  irilkl        1  he  branches  may  lie 

ub  one  anoth<.r      The\  ire  rarely  more 

usutI  form  i--  tbit  of  a  series  of  parallel 

ilir  frond   \>\  mnns  of  dichotomous  di- 

;  1  fifth  or  1  sixth  of  their  breadth 

mithcr   siimetimcs  forming  a  con- 

t  othtr  timis  btmg  open  like    the 
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branches  above.  All  specimens  seen  were  divided  at  the  epithecal 
membrane,  which  is  wrinkled  transversely  by  lines  of  growth,  lunate 
in  the  middle,  the  ends  deflected  backwards  along  (he  sides,  the  round- 
ed ends  of  the  branches  are  preserved  on  some  of  the  specimens.  In 
specimens  whose  branches  have  become  contiguous  and  have  grown 
together  at  the  base  of  the  frond,  the  wrinkles  or  lines  of  growth  slill 
indicate  readily  the  position  of  the  branches. 

Branches  thin  and  flat,  the  exterior  surface  not  seen,  but  the  cross- 
sections  made  gave  no  evidence  of  tubercles,  and  therefore  tTie  surface 
is  believed  to  be  flat.  Cells  oval,  arranged  in  longitudinal  series,  8 
cells  in  a  distance  of  two  mm,  and  lo  or  1 1  series  occupying  the  same 
distance  in  breadth.  The  series  of  cells  are  separated  by  thin,  straight 
lamellie,  which  are  not  intruded  upon  by  either  cells  or  interstitial  cells. 
Interstitial  cells,  two,  between  the  ends  of  the  cells,  becoming  more 
numerous  in  one  or  two  of  the  marginal  series  ;  the  margin  is  thickly 
supplied   with  them,  making  it  poriferous;  poriferous  margin  narrow. 

Frond  about  75  mm.  long  and  70  mm.  broad.  Branches  from 
a. 5  to  4  mm.  broad.  Cells,  8  in  a  distance  of  3  mm,  measured  lon- 
gitudinally, 10  or  II  in  the  same  distance  measured  transversely. 

It  will  be  noted  that  this  species  assumes  a  sort  of  intermediate 
position  between  the  last  and  the  following.  In  fact  the  difference  in 
the  width  of  the  cells  and  the  diflereni  manner  of  branching,  both 
variable  factors,  alone  distinguish  them  one  from  the  other. 

Locality  and  posilhn.  Soldiers'  Home  Quarries,  collection  of  Mr. 
Geo.  Caswell.  Also,  Brown's  Quarry,  a  form  with  more  distant 
branches.     Clinton  Group. 


■  IX.      Ph^nopora  FiMBHiATA,  James. 

(PlaUXW.Fig.  7.) 
Plilodictya  fimbriala,  James,  187S,  Paleonlologist,  No.  1. 
!^liclopora  Van  Ctevii.  Hall,  iSSj.  ijth  Indiana  Geo.  Report. 

Frond  arising  from  a  small  narrow  stipe,  attenuated  towards 
the  base,  expanding  gradually  above  until  a  width  equal  to 
the  branches  is  attained ;  then  branching  dichotomously  at  va- 
riable intervals  in  different  or  even  in  the  same  specimens ; 
the  branches  usually  flexuose,  forming  characteristic  meshes  upon 
the    surface    of    the    rock.       Surface    unknown,     but    from  numer- 


'oua  sections  believed  to  be  destitute  (^  tubercles, 
quite  thin  and  flat,  with  sharp  edges. 

Ceils  arranged  in  longitudinal  series,  about  eight  in  a  len^of  I 
mm.  and  ten  or  eleven  in  the  same  distance  in  breadth.  Two  ii 
tial  cells  are  found  between  the  ends  of  the  cells,  becoming  more  numer- 
ous in  the  lateral  series  of  cells,  and  entirely  pervading  the  tissues  of  the 
edges  of  the  branches,  which  as  a  consequence  appear  striated  in  worn 
specimens.  The  branches  are  usually  narrower  than  those  of  the  Ijsi 
species,  eight  to  twelve  series  of  cells  occupying  the  branches  in  this 
species,  whereas  in  that  species  twelve  to  fifteen  series  are  usually 
found. 

The  largest  frond  so  far  observed,  evidently  not  an  entire  speci- 
men, was  65  mm.  long,  and  50  ram.  broad.  The  branches  vary  from 
*.3  10  3.1  mm,  and  sometimes  attain  a  thickness  of  1.2  mm. 

.'Associated  with  these  species  are  long,  slender  fronds,  undivided, 
with  the  characteristic  cells  and  interstitial  cells  of  the  group,  the  lat- 
ter pervading  the  edges  of  the  frond.  One  specimen  is  55  mm.  long 
and  5  mm.  broad.  They  are  probably  the  broken  off  stipes  of  some 
of  the  species  last  described.  That  the  species  all  form  a  closely  alhed 
group  may  readily  be  seen. 

Locality  and  position.  Soldiers'  Home  Quarries,  Todd's  Fork, 
Fauver's  Quarry,  Allen's  Quarry,  Fair  Haven,  Clinton    Group. 

c;fM.s  PvcHvnic'fVA   uiHch 

/iini  {  ompnsed  of  thick,  ofttn  irregularlv  branching  fronds,  niih 
d:st  ni  t,  smooth,  non  ponftrous  m-jrgins  The  cell  walls  are  distmct 
and  rijjular  iieitU  lhi  losing  tin.  oval  celh  at  their  ends  the\  are 
iisuilh  ipproMinaK.  iKarU  hut  nut  i[uile  touthing,  the  celK  being  ar- 
ranged m  longitudinal  scries  laterilh  howevtr  the}  are  alvM\s  sep- 
iratcd  from  t  ith  olher  b>  t«o  quite  thu  k  lamilix  which  are  <  ontinu- 
ous  bclHi-cn  the  itU  rows,  following  up  the  contour  of  the  celh,  hut 
stpirated  along  the  middle  h\  a  mrved  or  quite  stnight  line,  which 
somttiniLs  is  indistini  t  Species  of  this  genus  ire  usiiall)  referred  to 
Sihh'pora  hut  m  thit  genus  the  Ltlls  irt  stpinted  b>  a  series  of  sm.ill 
spiniforin  tubuh 

\  I'\CH\DItT\\    fMVCHH,     sp     n 

{Plate  XV,  Fig.  8;  Plate  XVII,  Fig.  8.) 
Frond  not  known  in  its  entire  state,  only   one  specimen  (.-ind  that 


n 


OF   DENISON   PKIVEBSITY.  163 

a  fragment)  seen.  The  specimen  is  26  mm.  long  and  22  mm.  broad, 
being  divided  dichotomously  into  branches  ai  angles  of  about  45°, 

The  branches  are  3  mm.  wide  and  scarcely  ^3  mm.  ihick.  The 
cells  are  arranged  in  longitudinal  series,  forming  al  the  same  time  more 
I  or  less  accurate  oblique  cross-rows.  Cells  oval,  narrow  in  the  middle 
rows,  broader  in  the  lateral  rows,  about  6  occupying  a  length  of  3 
mm,  and  1 1  series  the  same  distance  in  breadth ;  10  to  13  series  are 
found  on  the  various  branches.  The  longitudinal  series  are  separated  by 
raised  longitudinal  lines,  inclined  to  be  flexuose  on  account  of  the  diagonal 
lines,  in  which  the  cells  dispose  themselves  ;  occasionally  these  ridges 
seem  to  bear  1  or  3  fine  stris.  The  margins  of  the  branches  show 
faint  traces  of  strife. 

From  the  succeeding  species  it  may  be  distinguished  by  the  thin- 
ness of  its  branches,  the  wider  non-poriferous  margin,  and  the  greater 
number  of  its  cells  in  transverse  measurement     Name  signifies  thinned 

I  own  thin. 
Locality  and  position.     Soldiers'  Home  Quarry,  Clinton  Group, 


Pachydictya  bifurcata,   {Van   CUit)  Hall. 
{Plate  XV,  fig.  9;  J^aie  XVII,  Fig.  9.) 

Sliclopam  bifurcata,  (Van  CIcve)  Hall,  iSSj,  tith  Indiana,  Geol.  Report. 


Frond  arising  from  a  narrow  stipe,  attaining  the  sii!e  of  the  branch- 
es above,  then  branching  rapidly  below,  less  freijuently  above,  at  an- 
gles between  30°  and  50".  The  branches  are  convex  and  decidedly 
thickened,  their  thickness  exceeding  half  their  width.  The  surface 
even  and  smooth,  at  least  not  tuberculate,  channeled  lengthwise,  the 
trells  placed  in  the  channels,  five  and  a  half  or  six  found  in  a  length  of 
X  mm,  and  six  or  seven  in  the  same  distance  in  breadth.  The  cells 
are  oval,  slightly  separated  at  the  ends  by  the  dividing  lamellte ;  the 
longitudinal  series  are  usually  separated  to  quite  a  marked  degree  by 
thick  lamellae,  which  are  marked  longitudinally  along  the  summit  by 
faint  undulating  striie.  The  edges  of  the  branches  are  n  on -poriferous 
and  smooth,  or  very  indistinctly  striate,  obtuse,  but  with  a  narrow  sa- 
lient margin  indicating  the  position  of  the  epitbecal  lamina. 

The  largest  specimen  found  was  160  mm,  long  and  85  mm.  wide; 
the  branches  are  somewhat  flexuose,  about  4  to  g  mm.   broad,  and 
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from  a  to  3  mm.  thick.     This  form  may  be  compared   with  /*.  aeuia. 
Hall,  from  the  Trenton  Group  of  New  York, 

Lixaiity  and  position.  Soldiers'  Home  Quarries,  Fair  Haven. 
Oinion  OrouiJ. 

XII.       I'AtHVmCTV A    UIFURCATA,    VAR.    INSTABILIS,    iwr.  H. 

(Plate  XV.  Fig.  10.) 

Frond  known  only  !)y  fragments  30  to  40  mm.  long  and  broad, 
branching  dichotomously  at  wide  and  variable  angles-  The  branches 
from  3  to  5  mm.  wide  and  from  i  to  almost  i  mm,  thick  ;  the  sur- 
face uneven,  more  or  less  tuberculaled.  the  tubercles  low  but  gener- 
ally distinct,  without  evident  arrangement,  about  4  tubercles  in  a  dis- 
tance of  80  mm,  measured  longitudinally. 

The  cells  are  oval,  from  6  to  7  occupying  a  length  of  3  mm,  usu- 
ally nearer  the  lailet  number,  and  from  8  10  9.6  rows  occupying  the 
same  distance  in  breadth.  The  non- poriferous  edges  narrow  in  the 
specimens  examined. 

Whether  this  form  is  dislinct  from  the  last  one,  it  is  difficult  to 
tell.  Where  there  are  so  many  species  of  a  genus,  occurring  in  such 
abundance,  their  form  is  usually  very  variable,  and  the  distinctions 
betiveen  species  are  not  always  well  defined.  Judging  from  the  speci- 
men at  hanil,  it  is  diftiiiilt  and  perhaps  impossible  to  distinguish  be- 
tween the  forms  spei  ifically,  luid  intermediaic  forms  seem  to  occur. 

Locality  and  position.  Rrown's  Quarry,  Clinton  Group.  The 
spL-LJL's  occurs  here  in  all  its  forms  apjiarently.  The  extreme,  nodu- 
lated or  tiiberi  ulaled    forms,  which  are  sep.irated  here  as  a  variety  pre- 


XIII,  l*Ai.nvi>i(  ivA  TUKCiiiA,  sp  n.. 
(Plate  XV,  Fig.  11;  PiaieWW.  Fig.  11.) 
I  variable,  branching  dichotomously  at  angles  from  30°  10 
hes  more  or  less  thickened,  the  edges  inclined  to  be  obtuse 
■ni  line  ^ilong  the  eplthecal  lamina,  the  margin  non-jiorifer- 
uval,  12  in  a  distance  of  5  mm,  measured  along  the  lon- 
.tIl's,  16  series  in  the  same  distance  in  breadth.  Two  or 
lexuuse  lines  are  found  on  the  ridges  separating  the  series. 


-n 
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The  surface  is  luberciilate  ;  the  tubercles  are  of  variable  distini 
and  are  arranged  in  something  like  order,  from  4  to  5  in  a  distance  of  10 
mm.  The  tissue  in  the  tubercles  becomes  very  thick,  the  arrange- 
ment of  the  cells  is  somewhat  disturbed  and  their  number  reduced. 

The  largest  fragment  at  hand  is  55  mm,  long  and  35  mm.  broad. 
The  branches  vary  from  6  to  9  mm.  in  width,  and  from  1.8  mm.  to 
3.5  mm.  in  thickness. 

Name  signifies  thick,  iiMlleti,  referring  to  the  thickened  fronds. 
This  form  may  be  compared  with  P.ftneUtlliformis,  Hall,  as  idennfied 
by  Mr.  E.  O.  Ulrich.  from  the  Cincinnati  Group  of  Illinois. 

Locality  and posilian.  Soldiers'  Home  Quarries,  Fair  Haven,  Clin- 
ton Group. 


XIV.      Pacmyoictva    ohesa,  sp  «,. 
(Plate  X\,  Fig.  la.) 

The  structure  of  this  stJecies  is  very  similar  to  the  tasl,  but  the 
fronds  are  broader,  apparently  undivided,  and  usually  thicker,  forming 
coarse,  often  undulating  or  folded  fronds.  Tubercles  much  more  dis- 
tinct, with  a  more  decided  tendency  for  arranging  themselves  in  scries, 
4  to  5  in  a  distance  of  10  mm.  Tangential  sections  show  that  the 
number  of  cells  is  decreased  in  the  tubercles  by  the  turgesceoce  of  the 
surrounding  laminie,  or  by  the  entire  suppression  of  cells.  One  of 
the  largest  fronds  at  hand  is  a  fragment  65  mm,  long.  37  mm.  wide 
and  s  mm.  thick.  Some  specimens  are  not  so  thick,  but  still  thick 
enough  to  attract  attention  to  this  feature.  It  may  be  compared  with 
P.  gi^antea,  Utrich,  from  the  Cincinnati  Group  of  Illinois. 

Name  signifies,  very  thick  and  swolUn,  fat. 

Locality  and  position.     Soldiers'  Home  Quarry,  Clinton  Group. 


CYSTODICTYONID^:,    Ulrich. 

Zoaria  consisting  of  two  or  more  layers,  grown  together  along  their 
epithecal  membranes.  Cell  apertures  with  a  crescentic  lip.  Intersti- 
tial spaces  occupied  by  vesicular  tissue,  which  in  the  matured  stage  is 
almost  obliterated  by  a  secondary  de|)05it  of  sclerenchyma,  apparently 


CaiA.Mm.r)a.^j.Mfm.wm^ 


ftBUrORMtA    TIUUCOSA,  AC 

i  JiV,  tne   II :  rt*  XVII.  F^,  „.l 
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Frondi  fbnning  thin  c«[ai)^nni.  th?  ilenning  taaipns  Inrioe  stuT] 
an'l  (lUiinctly  non-pqrifvniai).  :>p«cTinim&  usually  occur  in  the  tbrm  a 
fragnKiiLs  loulfci'  J>iccc<  of  whi^.i  9[i]ic:tr  Hatibh.  and  some  pieces  o 
even  fai»  »t«;  ojai  l«  iiiucil  «iif)  niv  4  moderate  amount  of  cum 
lure,  H'lwevcr,  when  bttiVen  tniiti  ifie  «lid  rock,  parting  alotig  th 
cfiithecil  tncmliMijc^  e\(«n%j(in-.  ituy  li<  iQlIowed  for  50  mm,  or  pwa 
llufjugh  thir  tu<:k,  fi-niortcd  and  nirvcil  in  almost  every  possible  man 
ncr  Vvi\Ki  bfaiK-hing  d'fC^  r\'i\  wlic  J>!icc,  but  the  outlines  of  ih 
fnind'.  are  wften  ijuilc  irregular  Tiie  fharacier  of  the  base  of  ih 
frwn/i  is  unkmiwn.  The  ifll»  are  artanijcd  in  diagonally  interseciin, 
row*  wtiiLli  iiuy  lje  'jiiite  straight  ff/r  a  moderate  distance,  bui  u^uall; 
arc  somowliai  curved.  ITii'.  arraiigrmtin  may  be  perfectly  maintains 
over  ((uiie  ii  l.ir>;f  jmriion  of  liie  surfaic,  Init  frequently  is  perfect  cml; 
in  small  [lat'-he'i.  till- rows  nf  H'hich  do  n"t  perfectly  join  eiuili  other 
tm  a<  I  iiiiiii  ur  ihf  iiiiKxim  ijun   ul"  nc«    ruws,  ihf  sudden  curcatiirc  o 
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[  of  the  disturbing  influences  of  the 
structure  next  to  be  described.  Between  the  cell  rows  at  variable  dis- 
tances over  the  frond  are  distributed  a  number  of  raised  lines  which 
are  more  or  less  connected  with  each  other  and  have  the  appearance 
of  a  branching  structure  trailing  over  the  surface  of  the  frond.  These 
may  become  quite  conspicuous  and  form  a  marked  feature  of  the  frond, 
but  they  do  not  seem  to  have  any  very  intimate  connection  with  the 
rest  of  the  frond.  This  they  very  frequently  show  by  entirely  weather- 
ing away  from  the  surface  of  the  frond.  The  place  they  occupied  is 
then  marked  by  a  groove  which  becomes  quite  conspicuous  in  the 
specimens  which  were  characterized  by  large  raised  lines.  These 
raised  lines  extend  along  the  grooves  between  the  cell  rows  usually  in- 
cluding and  resting  upon  the  inner  half  of  the  cells  between  which 
they  extend.  Usually  they  leave  the  arrangement  of  the  cells  unaf- 
fected, but  the  arrangement  of  the  rows  may  be  more  or  less  disturbed 
in  crossing  these  lines.  At  the  junction  of  the  raised  lines,  especially 
where  several  lines  meet,  the  cells  are  apt  to  be  more  separated  at  this 
point  than  elsewhere  on  the  frond  ;  the  cells  then  frequemly  become  of 
somewhat  larger  size,  are  more  prominent,  and  form  slightly  elevated 
clusters  of  moderate  si/.e,  over  the  surface  of  the  frond,  which  some- 
times occur  at  quite  regular  intervals  and  form  conspicuous  features  of 
the  frond.  When  the  raised  lines  in  such  specimens  were  quite  nar- 
row and  then  weathered  away,  these  low  elevations  are  still  more  con- 
spicuous. The  center  of  the  elevations  is  frequently  marked  by  an  ir- 
regular, non.celluliferous  portion  where  the  lines  meet ;  these  spaces 
then  may  suggest  maculae,  The  prominent  surrounding  cells  of  the 
elevated  parts  are  frequently  crowded  back  upon  each  other  for  a  short 
distance  by  the  dividing  ridges  and  then  also  are  more  inclined  to  form 
conspicuous  elevations.  The  apertures  of  the  cells  are  produced  in 
the  form  of  round  papilla  above  the  surface  of  the  frond.  The  mouth 
is  situated  at  the  very  summit  of  the  papillse,  but  may  appear  more  or 
less  lateral  by  the  unequal  wearing  away  of  the  cells.  Near  the  base 
on  one  side  of  the  cell  may  be  found  a  small  depression,  the  precise 
nature  of  which  is  unknown.  It  may  have  had  some  connection 
with  the  interior  of  the  frond,  but  such  connection  has  not  been  estab- 
lished. No  interstitial  tissue  has  been  satisfactorily  determined.  The 
cells  vary  from  50  to  60  in  the  distance  of  25  mm.  In  R.  tubidosa. 
Hall,  they  are  said  to  be  more  crowded,  numbering  from  80  to  85  in 
the  same  distance. 


r 


This  species  is  seen  to  be  quite  variable,  but  there  is  no  difficulty 
at  all  in  tracing  the  conoeciion  of  the  different  forms  in  any  collection 
which  contains  a  large  number  of  specimens  in  a  good  state  of  preset- 
vatiiin.  As  might  be  expected,  its  distribution  is  also  nuite  wide,  en- 
tending  from  New  York  to  Ontario  and  Ohio,  and  being  found  both  in 
the  Niagara  shales  and  in  the  Clinton  Croup. 

Locality  and  position.  Brown's  Quarry,  Soldiers'  Home  Quarries, 
Centreville.  Fair  Haven.  Todds   Fork,  Clinton  Group. 


FISTULIPORlD.-i;.  Ulrich. 

This  family  is  closely  allied  to  the  Cystodietyoitida.  from  which 
differs  in  the  absence  of  non-poriferous  margins  and  in  having  no  set 
ondary  deposit  obscuring  the  presence  of  the  interstitial  cells,  or  j 
least,  when  present,  being  quite  superficial. 


Genus  LICHENALIA,   Hal!. 

Zoaria  composed  of  a  single  layer  of  cells,  the  epithecal  side  be- 
concentrically  wrinkled,  the  wrinkles  being  supplemented  by  sec- 
Inry  finer  concentric  stria: ;  when  the  epithecal  membrane  is  tran';- 
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separated  by  angular  interstitial  cells.     Non-celluliferous  face  wrinkled 
concentrically. 

Locality  and  position.     Clinton  County,  Clinton  Group,  collection 
of  Dr.  L.  B.  Welch. 


CERAMOPORIIX-f:,    Ulrich. 

Zoaria  usually  incrusting,  sometimes  ramose  with  hollow  branches, 
or  flabellate.  Cell  apertures  triangular  or  ovate,  with  a  prominent  and 
arched  lip  usually  on  one  side.     ( Ulrich,  Am.  Pal.  Bry. ) 


Genus  CKRAMOPORA,  Hall. 

Usually  incrusting.  Cells  angular,  with  the  lip  strongly  arched, 
the  aperture  obliiiue;  cells  radiating  from  one  or  more  centers.  (Ul- 
rich, Am.  Pal.  Bry.) 


XV'II.     Ceramopora  expansa,  James. 
(Plate  XYU,  Fig.  13.) 

Alveolites  expansa,  James,  1S79,  I*aleontologist,  No.  3. 

**  Corallum,  a  flat  or  undulating  expansion,  irregular  in  outline,  6 
inches  or  more  in  diameter,  varying  in  thickness  from  less  than  one  to 
over  two  lines.  Corallites  very  oblique  and  more  or  less  sinuous  in 
their  direction  from  the  base  or  central  axis  to  the  surface.  Caljces 
very  narrow,  slightly  curved,  elongated  slits,  showing,  generally,  when 
a  little  weathered,  a  tooth-like  projection  in  the  middle  of  the  upper 
lip,  and  arranged  sometimes  in  series  of  short  curved  rows  in  a  more 
or  less  alternating  manner.  About  4  calices  in  the  space  of  a  line. 
Walls  of  corallites  thick. 

*' Although  the  specimen  from  which  this  description  is  made  was* 
found  spread  over  the  surface  of  a  rock — from  which  it  readily 
scaled  off — it  is  not  certain  that  it  was  encrusting^  as  there  is  an  appear- 
ance of  something  like  a  central  axis  from  which  the  corallites  grew 
in  different  directions  to  opposite  surfaces,  in  a  very  oblitiue  manner  ; 
portions  of  the  side  next  the  rock  show  calices  similar  to  the  other 
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longitudinal  series,  about  eight  in  a.  length  of  z  mm ;  ten  or  eleven  of 
these  series  are  found  in  a  width  of  2  mm.  The  longitudinal  scries 
are  well  defined  b)-  thin,  slender,  raised  lamella;,  without  the  comples 
structure  mentioned  in  the  former  species.  The  lamella  separating 
the  cells  from  the  interstitial  cells  appear  at  the  surface  like  fine  threads, 
connecting  the  longittjdinal  lamellie,  and  they  cross  each  other  at  equal 
distances  between  the  same,  thus  enclosing  two  interstitial  cells  at  the 
ends  of  the  cells.  In  the  tubercles  they  become  more  numerous  and 
either  surround  the  cells  or  entirely  supplant  the  same.  The  branches 
arc  quite  thin  and  flat ;  the  edges  are  thin  and  sharp,  ,ind  are  occupied 
by  minute  pores  or  cells,  corresponding  in  siie  to  the  interstitial  cells 
and  forming  only  a  narrow  margin.  Interstitial  pores  are  apt  to  be 
numerous  in  the  cell  rows  along  the  edges  of  the  branches.  Speci- 
mens usually  divided  at  the  centre,  showing  the  epithecal  laminje: 
these  are  wrinkled  transversely,  the  wrinkles  being  lunate  in  the  mid- 
dle of  the  frond,  and  deflected  backwards  on  either  side  to  the  margin. 
The  exterior  surface  is  rarely  seen. 

Fronds  vary  in  si^e,  a  well  grown  specimen  being  110  mm.  long 
and  So  mm.  broad  ;  the  branches  vary  between  5  and  8  mm.  in  width, 
and  a  form  foimd  at  Fauver's  Quarry  occasionally  attains  a  width  (>f 
10  mm      Their  thickness  varies  between  1.5  and  2  mm. 

Locality  and  position.  Soldiers'  Home,  Krown's  Quarry  (a  narrow 
variety),  and  Fauver's  Quarry,  Clinton  Group. 

VIII.      1'h.*:\oi.ora  Mi-LTIUDA,    {  Van  Cine)  HalL 
{Plate  XVI,  Fig.  3,) 

Clilodicly,!  (s(i?)  James,  1S78,  f:.lconlo1o^.i^t,  No,  i.      (N.ime.  P.  IJW//»  suj;- 
Sliclo|.or.i  mullifiJa,  [Van  Clevu)  Hall.  [SS;,  ulh  Indiana  Ccol.  Reporl. 

Frond  beginning  with  a  narrow  stipe,  gradually  widening  until  a 
bre.idth  of  4  or  5  mm.  is  atl.iined,  then  hranthing  dichotomously  at 
small  angles,  the  branches  remaining  parallel.  The  branches  niav  lie 
closely  together  and  almost  touch  one  another.  They  are  rarely  more 
than  their  width  apart.  The  visual  form  is  that  of  a  series  of  ]>ar3llel 
branches  forming  a  sub-triangular  frond  by  means  of  dichotomous  di- 
vision, the  branches  at  their  tip  being  a  fifth  or  a  sixth  of  their  breadth 
ajinrt,  and  at  the  base  touching  one  another,  sometimes  forming  a  con- 
linuotis  frond  near   the   stipe,  and   at  other  limes  being  open  like   the 
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branches  above.  All  specimens  seen  were  divided  at  ihe  epiihecal 
membrane,  which  is  wrinkled  transversely  by  lines  of  growth,  lunate 
in  the  middle,  ihe  ends  deflected  backwards  along  the  sides,  the  round- 
ed ends  of  the  branches  are  preserved  on  some  of  the  specimens.  In 
specimens  whose  branches  have  become  contiguous  and  have  grown 
together  at  the  base  of  the  frond,  the  wrinkles  or  lines  of  growth  still 
indicate  readily  the  position  of  the  branches. 

Branches  thin  and  flat,  the  exterior  surface  not  seen,  but  the  cross- 
sections  made  gave  no  evidence  of  tubercles,  and  therefore  fhe  surface 
is  believed  to  be  flat.  Cells  oval,  arranged  In  longitudinal  series,  8 
cells  in  a  distance  of  two  mm,  and  lo  or  1 1  series  occupying  the  same 
distance  in  breadth.  The  series  of  cells  are  separated  by  thin,  straight 
lamellx,  which  are  not  intruded  upon  by  either  cells  or  interstitial  cells. 
Interstitial  cells,  two,  between  the  ends  of  the  cells,  becoming  more 
numerous  in  one  or  two  of  the  marginal  series  ;  the  margin  is  thickly 
supplied   with  them,  making  it  poriferous;  poriferous  margin  narrow. 

Frond  about  75  mm.  long  and  70  mm.  broad.  Branches  from 
2.5  to  4  mm.  broad.  Cells,  8  in  a  distance  of  2  mm,  measured  lon- 
gitudinally, 10  or  II  In  the  same  distance  measured  transversely. 

It  will  be  noted  thai  this  species  assumes  a  sort  of  intermediate 
position  between  the  last  and  the  following.  In  fact  the  difference  in 
the  width  of  the  cells  and  the  different  manner  of  branching,  both 
variable  factors,  alone  distinguish  them  one  from  the  other. 

LoiaUty  and  position.  Soldiers'  Home  Quarries,  collection  of  Mr. 
Geo.  Caswell.  Also,  Brown's  Quarry,  a  form  with  more  distant 
branches.     Clinton  Group. 


»IX.       PH-ENOPORA    FIMBRIATA,  /attUS. 
(P/afeXV,  Fig.  7  .) 
PlilcHiicIya  fimbrinla,  James,  187S,  Palcontologisi,  No.  1. 
Sticlopora  Van  Clevii,  Hall,  iSSj.  iilh  Indiana  Geo.  Report. 

Frond  arising  from  a  small  narrow  stipe,  attenuated  towards 
the  base,  expanding  gradually  above  until  a  width  equal  to 
the  branches  is  attained;  then  branching  dichotomously  at  va- 
riable intervals  in  different  or  even  in  the  same  specimens ; 
the  branches  usually  flexuose,  forming  characteristic  meshes  upon 
the    surface    of   the    rock.      Surface    unknown,    but    from  numer- 
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ens  •eoioDS  befleved  to  be  dcaitute  of  tubercles.  The  brancha  at 
<]uiie  ihin  ami  fiat,  with  sharp  edges. 

CelU  irrasged  to  loagttudiiu]  series,  aboot  et^t  in  a  length  of  i 
mtn.  iiui  ten  or  clcTcn  in  the  saioe  disancc  in  breadth.  Two  inceai- 
lia]  (ell»  arc  found  benreen  the  ends  of  the  cells,  beconiiiig  mote  Ditincr- 
Ou»  in  the  titcral  scries  of  cells,  and  entirely  pervading  the  tissues  of  ibe 
cdgia  of  the  bmnchc*.  whkh  as  a  cooiequcnce  appear  striated  in  worn 
qjecimcnt.  The  branches  are  usitall.r  aairow-er  than  those  of  the  lis 
qiecie*,  eight  to  twelve  series  of  cells  occupying  the  branches  in  this 
sjicricK,  whereas  in  that  species  twelve  to  fifteen  series  are  usually 
luanil. 

The  largest  frond  so  far  observed,  cvidettdjr  imt  XQ  entire  speci- 
nvGi),  W3is  65  mm.  long,  and  50  mm.  broad.  The  branches  vary  fron 
J-3  to  i-t  mm,  and  sometimes  attain  a  thickness  of  1.1  mm. 

Associated  with  these  species  are  long,  slender  fronds,  undiiidcd, 
with  die  characteristic  cells  and  interslitial  cells  of  the  group,  the  Ul- 
tci  pervading  the  edges  of  the  frond.  One  specimen  is  55  mm.  long 
and  5  mm.  broad.  They  are  probably  the  broken  off  stipes  of  soiik; 
of  die  species  last  described.  That  the  species  all  form  a  closely  aiUeii 
group  may  readily  be  seen. 

Locality  and  position.  Soldiers'  Home  Quarries,  Todd's  Fork, 
Faiivcr's  Quarry,  Allen's  Quarry,  Fair  Haven,  Clinton    Group. 

Gknl-s  PACHVDICrV.A,  Ulrich. 
/oini  i omposed  of  lhK.k,  often  irregularly  branching  fronds,  niih 
distinit,  smfiotli  non  poriferous  margins.  The  cell  walls  are  disiinct 
anil  rtgular  nLath  Lndosin^;  ihi.  oval  cells;  at  their  ends  ihey  are 
iismlh  a[)jiri)\imit(.  Ln.arl\  I  ut  not  i[uite  touching,  the  cells  being  ar- 
ranged in  langiludiiial  -^Lfie-,  lattrally,  however,  they  are  always  sep- 
arattrl  frcni  La<  h  oihcr  h\  t\\i)  .jiiite  thick  lamellc  which  are  continu- 
ous htUvcLii  the  icll  row.,  foUuHing  up  the  contour  of  the  cells,  \M 
sLjMratLil  along  the  middle  In  1  curved  or  quite  straight  line,  H-hich 
sfinn.timt'i  IS  indistim  t  S|)i.lh.s  of  this  genus  are  usually  referred  to 
S/htopoia  l>ut  in  that  genus  the  clIIs  are  se])arated  by  a  series  of  small 
s]iin  form  tubuli 

\        P\CH\r>KT%^    RMACIAT.A,    sp.   n. 

{Plate  XV,  Fig.  8;  Plate  XVII,  Fig.  8.) 
Frond  not  known  in  its  entire  state,  only  one  specimen  (and  thai 


n 
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a  fragmeni)  seen.      The  specimen  is  a6  mm.  long  and  21  mm.  broad, 
being  divided  dichoiomously  into  branches  at  angles  of  about  45°. 

The  branches  arc  3  mm,  wide  and  scarcely  ?  j  mm.  ihick.  The 
cells  are  arranged  in  longitudinal  series,  forming  at  the  same  time  more 
or  less  accurate  oblique  cross-rows.  Cells  oval,  narrow  in  the  middle 
rows,  broader  in  the  lateral  rows,  about  6  occupying  a  length  of  2 
mm,  and  1 1  series  the  same  distance  in  breadth;  10  lo  13  series  are 
found  on  the  various  branches.  The  longitudinal  series  are  separated  by 
raised  longitudinal  lines,  inclined  to  be  llexuose  on  account  of  the  diagonal 
lines,  in  which  the  cells  dispose  themselves  ;  occasionally  these  ridges 
seem  to  tiear  a  or  3  fine  strite.      The  margins  of  the  branches  show 

:  may  be  distinguished  by  the  thin- 
poriferous  margin,  and  the  greater 
transverse  measurement.      Name  signifies  thinned 


From  Ihe  succeeding  speci 
ness  of  its  branches,  the  wider 
number  of  its  cells 
grffwn  thin. 

Lecalily  and  position.     Soldier; 


I 


Home  Quarry,  Clinton  Group. 


PACHYDICTYA  BIKURCATA,    {Van   CUve)  HoU. 
{Plate  XV,  Fig.  9;  Plate  XVIl,  Fig.  9.) 

bifurcaia,  (Van  Clevc)  Hall,  1883,  uth  Indiana,  Geol.  Report. 

Frond  arising  from  a  narrow  stipe,  attaining  the  size  of  the  branch- 
es above,  then  branching  rapidly  below,  less  frequently  above,  at  an- 
gles between  30°  and  50".  The  branches  are  convex  and  decidedly 
thickened,  their  thickness  exceeding  half  their  width.  The  surface 
even  and  smooth,  at  least  not  tuberculate,  channeled  lengthwise,  the 
cells  placed  in  the  channels,  five  and  a  half  or  six  found  in  a  length  of 
a  mm,  and  six  or  seven  in  the  same  distance  in  breadth.  The  cells 
are  oval,  sllghdy  separated  at  the  ends  by  the  dividing  lamellae;  the 
longitudinal  series  are  usually  separated  to  quite  a  marked  degree  by 
thick  lamellse,  which  are  marked  longitudinally  along  the  summit  by 
faint  undulating  striiE.  The  edges  of  the  branches  arc  non-poriferous 
and  smooth,  or  very  indistinctly  striate,  obtuse,  but  with  a  narrow  sa- 
lient margin  indicating  the  position  of  the  epithecal  lamina. 

The  largest  specimen  found  was  160  mm.  long  and  85  mm.  wide; 
the  branches  are  somewhat  flexiiose,  about  4  to  5  mm.   broad,  and 


The  cdb  »c  ««al,  fe«B  6  M  ;  vcD^ync  a  Ib^A  of  x^b.' 


leS.     WIktc  dMtt  nc  w  M>Bf  ifMcies  of  a  gCBML  ooctvnnf  in  sac^ 
af.'^n'Ian'.e.  i-:;.*  :'-j!t:;  U    -^.liIIv  very  viriib'.e.  and  ;!ie  ctsrinctioni 


C;;r.!or.   Grou-..     The 


XHI,      I'A 


,  V  '• 


IPtaIr  XV,  /Xf.  u:  Platf  XVII.  j^,^.  ii.) 
1  r'ii.'i-.  variiil,!-;,  Lram.hinL;  tiichotomuiisly  at  angles  from  50'  10 
50' ;  1(1.1  in. jy.-i  iii'-rc  or  k-v-,  thi'.kencd.  the  edges  inclined  lo  be  oliii^' 
wid,  :i  vili'.ni  litie  :il'-n^;  the  cj.ithci  al  lamina,  the  margin  non-pctilcr- 
i,\\\.  O.ll,  ■Aal.  I?  in  a  disiarice  uf  5  mm,  measured  along  the  lon- 
j;i[u.liri,.l  -.LtiL--,  iG.ieric,  in  the  same  distance  in  breadth.  T«o  or 
lliTLt  f.iiiit  fli;\Ljo-:i.-  lines  are  found  on  the  ridgen  separating  the  series. 


O 


OF    DENtSON    UNlVEB5|-n-.  165 

The  surface  is  [iiberculate  ;  the  tubercles  are  of  variable  distinctness, 
and  are  arranged  in  something  like  order,  from  4  to  5  in  a  distance  uf  i  o 
mm.  The  tissue  in  ihe  tubercles  Incomes  very  thick,  the  arrange- 
ment of  the  celts  is  somewhat  disturbed  and  their  number  reduced. 

The  largest  fragment  at  hand  is  55  mm.  long  and  35  mm.  broad. 
The  branches  vary  from  6  to  9  mm.  in  width,  and  from  1.8  mm.  to 
3-5  mm.  in  thickness. 

Name  signifies  tAUi.  sn'oHen,  referring  to  the  thickened  fronds. 
This  form  may  be  compared  with  P.fenestelliformis,  Hall,  as  ideniified 
by  Mr.  E.  O.  Ulrich,  from  the  Cincinnati  Group  of  Illinois. 

Locality  and poiition.  Soldiers'  Home  Quarries,  Fair  Haven,  Clin- 
ton Group. 


XIV.     Packyoictva   obesa,  sp  n.. 
{HaUXV,  Fig.  12.) 

The  structure  of  this  species  is  very  similar  to  the  last,  but  the 
fronds  are  broader,  apparently  undivided,  and  usually  ihicker,  forming 
coarse,  often  undulating  or  folded  fronds.  Tubercles  much  more  dis- 
tinct, with  a  more  decided  tendency  for  arranging  themselves  in  series, 
4  to  5  in  a  distance  of  10  mm.  Tangential  sections  show  that  the 
number  of  cells  is  decreased  in  the  tubercles  by  the  turgescence  of  the 
surrounding  laminae,  or  by  the  entire  suppression  of  cells.  One  of 
the  largest  fronds  at  hand  is  a  fragment  65  mm.  long,  37  mm.  wide 
and  s  ram.  thick.  Some  specimens  are  not  so  thick,  but  still  thick 
enough  to  attract  attention  to  this  feature.  It  may  be  compared  with 
P.  gi^anlea,  Ulrich,  from  the  Cincinnati  Group  of  Illinois. 

Name  signifies,  vtry  thick  and  swollen,  fat. 

Leealily  and  position.     Soldie 


e  Quarry,  Clinton  Group. 


CySTODICrYONID.4',    Ulrich. 

Zoaria  consisting  of  two  or  more  layers,  grown  together  along  their 
Cpithecal  membranes.  Cell  apertures  with  a  crescentic  lip.  Intersti- 
tial spaces  occupied  by  vesicular  tissue,  which  in  the  matured  stage  is 
almost  obliterated  by  a  secondary  deposit  of  sclerenchyma,  apparently 


perforated  by  minute,  vertical,  conimunirating  canab.     Margins  rf 
coam  non-porifcrrous.     (Ulrich,  Am,  Pal.  Bry.  April,  1884.) 


Genus  RHISOPORA.   HaD. 

Zoaria  consining  of  two  laminated  expansions,  grown  logctkr 
aloDf(  their  epilhccal  membranes;  the  margins  are  Don-iJoriferons^ 
The  cell  apertures  arc  strongly  raised  above  ihc  surface  in  little  papil- 
la or  pu«ttilcs.  The  aperture  itself  is  c|uitc  small  and  usually  appesn 
more  or  Ic&s  irregular  in  form,  suggesting  the  crescenlic  lip  so  chv- 
RCterislic  of  the  CysfadietytmiJir  and  Faiviiforida.  The  iniersliliil  tit- 
le, if  any,  seems  to  luive  been  obliterated  by  the  secondary  deposiiof 
'-Klerenchyma. 


XV.     Rhlvopora    verrucosa.  Hall. 

(Piatt  XV,  Fig.  13  ;  f^ati  XVIJ,  Fig.  u.) 

RUnopora  rnmilou.  HaU  ud  Whitlield.  1S75,  Ohio,  Pal.  Vol.  II 
E«eh«r1na  (?)  dinlnrlx,  Jsme*.  iS?').  Ttic  P»teoino1i>gi«t,  No.  3. 
Rhinopora  venosa,  Spenttr,  rSS4,  Niagara  FohiU,  SI,  l.ouis  Acaci.  Scicnct, 

Vol.  IV,  N.,.  4. 
Cf.    khlin>]jora  eurvala.    kinf;ud.«i(,'.  """.    Buffalo.     Soc.    Xat.  Sc,  Vol,  V, 

No.  1. 

Fronds  forming  lliin  L'\|iansLons.  ilif  dt-fining  margins  being  sharp 
ami  dinrincily  iH)ii-|iorift-roiis.  Sjiecimcns  usually  orcur  in  the  form  of 
fr.igmciits.  smaller  pieces  ()f  ivhith  .n|i|ie.ir  lliitlish,  and  some  pieces  of 
even  f:iir  size  may  lie  found  widi  t\:\\v  a  moderate  amoiini  of  curva- 
ture. Hfiueier.  ivhen  liriikeri  from  ilie  solid  rock,  jiarting  along  iht 
epilluc  lI  uieniliraues.  ex|iansions  niiiy  be  followed  for  30  mm.  or  more 
tliriuigh  the  rock,  loniorted  and  <urved  in  almost  every  ])os>ibli'  man- 
ner. I'r<)j>er  hrani  liing  does  not  take  iilai:e,  l)\it  the  o\illines  of  the 
fron.ls  are  often  .|uite  irregular.  The  character  of  the  base  of  the 
frond  is  unknown.  The  relK  arc  arranged  in  diagon.illy  iniersectini! 
rows  wlii.  h  m.iy  be  ^|uile  straight  fur  a  moderate  distance,  but  usually 
are  somewliat  curved.  This  arrangeuK-nl  may  he  |ierfe(tly  maintained 
over  .|uilc  a  large  |iorliiin  of  ihe  surfate,  I)U1  freiiuenlly  is  perfect  only 
in    small  pan  ht-s,  ihe  rows  of  wliieli    do  not  jierfertly  join  eii<h    other. 
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a  series  of  rows,  or  on  account  of  the  disturbing  influences  of  the 
structure  next  to  be  described.  Between  the  cell  rows  at  variable  dis- 
tances over  the  frond  are  distributed  a  number  of  raised  lines  which 
are  more  or  less  connected  with  each  other  and  have  the  appearance 
of  a  branching  structure  trailing  over  the  surface  of  the  frond.  These 
may  beconie  ([uite  conspicuous  and  form  a  marked  feature  of  the  frond, 
but  they  do  not  seem  lo  have  any  very  intimate  connection  with  the 
rest  of  the  frond.  This  they  very  frequently  show  by  entirely  weather- 
ing away  from  the  surface  of  the  frond.  The  place  they  occupied  is 
then  marked  by  a  groove  which  becomes  quite  conspicuous  in  the 
specimens  which  were  characterized  by  large  raised  lines.  These 
raised  lines  extend  along  the  grooves  between  the  cell  rows  usually  in- 
cluding and  resting  upon  the  inner  half  of  the  cells  between  which 
they  extend.  Usually  they  leave  the  arrangement  of  the  cells  unaf- 
fected, but  the  arrangement  of  the  rows  may  be  more  or  less  disturbed 
in  crossing  these  lines.  At  the  junction  of  the  raised  lines,  especially 
where  several  lines  meet,  the  cells  are  apt  to  be  more  separated  at  this 
point  than  elsewhere  on  the  frond ;  the  cells  then  frequently  liecome  of 
somewhat  larger  size,  are  more  prominent,  and  form  slightly  elevated 
dusters  of  moderate  size,  over  the  surface  of  the  frond,  which  some- 
times occur  at  quite  regular  intervals  and  form  conspicuous  features  of 
the  frond.  When  the  raised  lines  in  such  specimens  were  quite  nar- 
row and  then  weathered  away,  these  low  elevations  are  still  more  con- 
spicuous. The  center  of  the  elevations  is  frequently  marked  by  an  ir- 
regular, non-celluliferous  portion  where  the  lines  meet ;  these  spaces 
then  may  suggest  macule.  The  prominent  surrounding  cells  of  the 
elevated  parts  are  frequently  crowded  back  upon  each  other  for  a  short 
distance  by  the  dividing  ridges  and  then  also  are  more  inclined  to  form 
conspicuous  elevations.  The  apertures  of  the  cells  are  produced  in 
the  form  of  round  papills  above  the  surface  of  the  frond.  The  mouth 
is  situated  at  the  very  summit  of  the  papillfe.  but  may  appear  more  or 
less  lateral  by  the  unequal  wearing  away  of  the  cells.  Near  the  base 
on  one  side  of  the  cell  may  be  found  a  small  depression,  the  precise 
nature  of  which  is  unknown.  It  may  have  had  some  connection 
with  the  interior  of  the  frond,  but  such  connection  has  not  been  estab- 
lished. No  interstitial  tissue  has  been  satisfactorily  determined.  The 
cells  vary  from  50  to  60  in  the  distance  of  35  mm.  In  Ji.  lubuloia. 
Hall,  they  are  said  to  be  more  crowded,  numbering  from  80  to  85  in 
e.same  distance. 


c 


Tbti  ^eda 

u  an  in  irKiag  the 


•cxum  or  nrc  UK)K«Tn«fKs 

o  he  qnke  nriaUc,  bat  Am  is  no  dificDitT 
n  of  the  dtflermt  forms  tn  any  colkaicn 
a  good  state  offKsei- 
TStMB.  As  migfK  be  espected,  its  dnmbotion  b  also  quite  wHe.  «■ 
lending  rrooi  Nrw  York  m  Onana  and  Ohio,  and  being  founil  both  in 
Ibe  Niagara  iJula  and  in  the  CIidioq  Group. 

Laeaiity  anJ  fiautt^n.     Brown  s  Quanj,  Sotdiers'  Hqcdc  Qdmtks, 
Cenlrevillc,  Fair  Haien,  Todd'f   Fork,  OinioD  Group. 


nSTULIPORID--E,   Ulrich. 

Th»  bnily  is  dosdy  allied  \o  i)k  CjsCeJiilf&mLit.  from  which  il 
djflcn  in  the  abience  of  non-ponfeTocis  margins  and  in  having  no  sec 
on'lary  deposit  ob^ruring  th«  presence  of  the  interstdial  cells,  or  a 
IcAct,  when  prncni.  being  <|iiite  superficial. 


Gexus  LICHESALI.A.   HaQ. 

Zoaria  mmposed  of  a  single  layer  of  cells,  the  epithe<:a]  side  be- 

conctntrKMllj-  wrinkled,  ihe  wrinkles  being  supplemented  by  sec- 
Inry  TiiKT  "inrentric  stria;;  when  the  efiilhecal  membrane  is  iran>- 
unt.  the  li.i>e-.  nf  the  'x'lls  may  be  fri.'-iuentlv  seen  in  the  form  ul" 
irt.  r.nli.itinj,'  stri;i;.  Cells  with  a  <  rescentic  lip  al  the  apertiirL- 
ii.ii  1^  ■■.ii:miiil-(1  int't  the  tube  of  the  cell  in  the  form  of  twi.  Kmgi- 
lin.i!  Hill.-,  tiun,  .,r  the  i.ull  >v:ills.  Interstitial  cells  always  preseni, 
laraiin;:  iliu  .ull,. 


N.,  spe 

I..  H.   U'el-I 
forea.]<le<l. 


(Plait   X\  II,   Fi^.   to.) 

nens  iif  tliis  spe'jiei  h.ne  been  fotnici  in  my  own  collec- 
rupresented  by  several  s|,ci;imens  in  the  cahinet  of  Dr. 
The  following  shurt  descripiior)  of  this  species  is  there- 


OF  DENISON  UNIVERSITY.  169 

separated  by  angular  interstitial  cells.     Non-celluliferous  face  wrinkled 
concentrically. 

Locality  and  position,     Clinton  County,  Clinton  Group,  collection 
of  Dr.  L.  B.  Welch. 


CERAMOPORID.-E,    Ulrich. 

Zoaria  usually  incrusting,  sometimes  ramose  with  hollow  branches, 
or  flaboilate.  Cell  apertures  triangular  or  ovate,  with  a  prominent  and 
arched  lip  usually  on  one  side.     ( Ulrich,  Am.  Pal.  Bry. ) 


Genus  CERAMOPORA,  Hall. 

Usually  incrusting.  Cells  angular,  with  the  lip  strongly  arched, 
the  aperture  oblitiue ;  cells  radiating  from  one  or  more  centers.  (Ul- 
rich, Am.  Pal.  Bry.) 


XVII.     Ceramopora  expansa,  James. 
{Plate  XVll,  Fig,  13.) 

Alveolites  expansa,  James,  1S79,  I^aleontulogist,  Xo.  3. 

**  Corallum,  a  flat  or  undulating  expansion,  irregular  in  outline,  6 
inches  or  more  in  diameter,  varying  in  thickness  from  less  than  one  to 
over  two  lines.  Corallites  very  oblique  and  more  or  less  sinuous  in 
their  direction  from  the  base  or  central  axis  to  the  surface.  Caljces 
very  narrow,  slightly  curved,  elongated  slits,  showing,  generally,  when 
a  little  weathered,  a  tooth-like  projection  in  the  middle  of  the  upper 
lip,  and  arranged  sometimes  in  series  of  short  curved  rows  in  a  more 
or  less  alternating  manner.  About  4  calices  in  the  space  of  a  line. 
Walls  of  corallites  thick. 

**  Although  the  specimen  from  which  this  description  is  made  was- 
found  spread  over  the  surface  of  a  rock — from  which  it  readily 
scaled  ofl" — it  is  not  certain  that  it  was  encrusting^  as  there  is  an  appear- 
ance of  something  like  a  central  axis  from  which  the  corallites  grew 
in  different  directions  to  opposite  surfaces,  in  a  very  oblique  manner  ; 
portions  of  the  side  next  the  rock  show  calices  similar  to  the  other 


BUtLETlK  OF    THE   LABORATORIES 

side,  bill  not  so  distinct,  as  it  is  mostly  covered  by,  apparently,  indg- 
rated  clay."     (James,  loc,  cit.) 

Dr.  L.  B.  Welch  very  kindly  showed  me  the  type  specimen  [ntiii 
cabinet.  The  specimen  is  very  unsatisfactory.  The  cell  aperluiM 
were  seen  to  have  a  strongly  arched  lip  on  one  side,  and  were  w- 
ranged  in  diagonally  intersecting  rows,  about  5  cells  io  a  length  of ) 
miD.  I  should  be  unwilling  to  attempt  any  further  statemenis  con- 
cerning it,  and  so  have  repeated  the  original  description.  Its  genetil 
aspect  sftmed  to  be  that  of  a  much  worn  fragment  of  some  species  of 
Ceramopora. 

LocaiUy  and pOiiHon.  Clinton  Group,  Clinton  county ;  collectioD 
of  Dr.  L.  B.  Welch. 


M()NTICULIPORID.-E.    Nicholson. 

Zoariura  with  tubular  cells,  which  are  ihin-walled  and  polygonal 
below,  above  they  are  bent  more  decidedly  towards  the  surface,  ate 
of  nearly  equal  si2e  throughout,  more  or  less  thickened  and  rounded, 
but  never  lipped  nor  separated  by  vesicular  tissue.  Zoaria  usually  ra- 
mose, occasionally  frondose,  or  forming  flat  circular  or  irregubr  ex- 
pansions; never  composed  of  two  distinct  layers  of  cells  entirely  sep- 
arated by  cpithecjl  iiicmbranes. 


(JtNUs  l'R.\SOrOR.A,   Nicholson  and  ?:thcridge, 

Zoariiim  forming  a  hemispherical  mass  or  a  thin  exp.msion.  with 
a  wrinkled  e])ithecal  membrane  on  the  lower  surface.  Ccib  cylindri- 
cal or  more  or  less  prismatic,  lined  on  one  side  wiih  cystoid  dia- 
phragms. 


XVIll.      I'KASOix 

(FlnU    XV,  /->X'.    r4; 

Zoaria  forming  thin,  llaiit-iied 
wrinkled  ci)ithecal  membrane  on 
young,  later  becoming  more  irregul 


riA    I'ARMLLA,    sp  n. 

Plate  XVn,  Fi-^.  14,) 

ons  which  are  lined  by  -, 
.T  surface;  circular  whei 
line.     Typically  the  lowei 


O 
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surface  is  concave,  corresponding  to  the  convex  outline  of  the  upper 
surface.  Cells  of  about  the  same  size,  occasionally  a  few  are 
slightly  larger  in  size,  but  form  no  distinct  feature  in  the 
growth  of  the  zoarium.  Cell  apertures  polygonal,  but  rounded  and 
almost  circular,  having  a  tendency  to  arrange  themselves  in  rows.  In 
the  space  left  between  the  outlines  of  four  cells  is  usually  an  angular 
interstitial  cell  not  always  readily  recognized  at  the  surface  under  a 
low  magnifying  power.  Cells  with  cystoid  diaphragms  along  one  side, 
the  ends  of  the  same  gradually  becoming  attenuated  and  almost  meet- 
ing on  the  other  side  of  the  wall,  thus  almost  encircling  the  cells.  In 
addition  to  cystoid  diaphragms  a  number  of  straight  diaphragms  are 
found,  which  run  from  the  middle  of  the  cystoid  diaphragms  to  the 
opposite  wall.  The  interstitial  cells  are  also  crossed  by  straight  dia- 
phragms, which,  however,  are  far  more  numerous  than  those  of  the 
regular  cells,  being  usually  twice  as  many  or  even  more. 

Cells,  about  8  or  9  in  a  distance  of  2  mm  ;  in  one  specimen 
about  18  straight  diaphragms  are  found  in  the  length  of  an  interstitial 
cell,  9  cystoid  diaphragms  are  found  in  the  adjoining  cell,  most  of 
which  are  connected  with  a  straight  diaphragm  also  belonging  to  this 
cell  ;  since  the  thickness  of  this  specimen  is  about  i  mm,  a  very  fair 
idea  of  the  relative  importance  of  these  tissues  may  be  formed.  Ex- 
pansions vary  from  20  mm.  to  33  mm.  in  diimeter.  The  name  signi- 
fies a  little  shield. 

Locality .  and  position,  Huffman's  Quarry,  Beavertovvn  Marl; 
Soldiers'  Home,  Clinton  Group.  Todd's  Fork,  in  the  u|)per  iron-bear- 
ing portions  of  the  Clinton  Group ;  this  iron-containing  layer,  which 
is  here  several  feet  thick,  contains  almost  all  the  characteristic  fossils 
of  the  Beavertown  marl. 


Genus  MONOTRYPELLA,   Ulrich. 

**  Ramose,  smooth  or  tuberculated.  Cells  apparently  of  one  kind 
only.  Walls  very  thin  in  the  axial  portion  of  the  branches,  but  thicker 
in  the  peripheral  region.  Diaphragms  straight.  Nospiniform  tubuli." 
(Ulrich,  Am.  Pal.  Bry.)  The  following  species  is  provisionally  re- 
ferred here  on  account  of  the  apparent  absence  of  interstitial  cells. 


LABORATORIES 
XIX.       MOSOTWVPELLA  CONFLUEXS.   ip.    H. 

(FtaU  XVI,  Fig.  4  ;  IHaie  XVII,  Fig  15.) 
Zoaria  irregularly  ramose,  branches  varying  from  5  mm.  10  11 
mm.  in  diameter,  iisualty  fonning  coarse,  gnarled  growths  by  the  irreg- 
ular confluence  of  several  branches,  which  are  very  characteristic  of 
this  species.     Cells  vary  from  9  to  11  in  a  distance  of  3  mm;  where 
the  surface  is  well  preserved,  the  margins  of  the  cells  are  seen  to  Ik 
circtilar  and  to  be  distinctly  raised  above  the  surface  of  the  branch. 
The  margins  sometimes  touch  each  other  on   one  or  more  sides,  hui 
are  just  as  frequently  entirely  free  and  distinct,  and  never  arc  polygon- 
ally  compressed.     The  interstitial  spaces  left  between  the  raised  mar- 
gins of  the  cells  sometimes  have  the  appearance  of  small  intersiiiial 
cells,  but  usually   they  appear  simply  as  depressed  areas.     In  wiifn 
specimens  the  rai.sed  margins  of  the  cells  can  not  l>e  detected  and  the 
inter-cellular  spaces  then  appear  simply  as  thickened  cell  walls,  sepi- 
rating  the  cells.     Tangential  sections  give  no  evidence  of  interstitial 
cells  in  such  cas^s,  and  in  longitudinal  sections  the  cells  appear  to  be 
of  one  kind  only.     The  cell  walls  in  tangential  sections  near  the  sur- 
face appear  very  thick,  but  only  a  slight  distance  from  the  surface  the)' 
are  seen  to  be  very  thin.      Straight  diaphragms  are  developed  in  mod- 
erate numbers  and  are  somewhat  more  numerous  towards  the  surface, 
but  the  distinction  between  the  mature  and  immature  portion  does  nol 
seem  to  be  vtTV  great.      .About  9  dia|>hnigms  occur  iu  one  of  the  sec- 
tions in  a  distance  of  t,  mm  i  the  numlier  naturally  would  vary  consid- 
erably howt-ver.     In  some  spciimeiis  in  which  the  surface  is  free  from 
all  .sediment.  oper.:uhiic  diaphragms  seems  to  cMcnd  across  ihe  cells  a 
short   distance   below  the   surface  iif  the  sjiecimen.      .Some   specimens 
also  shuiv   low  elevations  about  3    mm.  di.stant  from  each   other,  in 
which  the  number  of  cells  seems  somewhat  reduced.       The  name  re- 
fers to  the  characteristic  gnarled  e\]i.insions  formed  apparently  by  the 
growing  tOfietlier  of  branches,  the  latter  liecommg  conflnfnt. 
Locality  and  poislion.      Soldiers'  Home,  Clinton  Crrou]). 
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terstitial  cells,  more  or  less  numerous,  sometimes  completely  isolating 
the  proper  zoaecia.  Diaphragms  numerous.  Spiniform  tubuli  and 
cystoid  diaphragms  wanting."  (Ulrich,  Am.  Pal.  Bry. )  The  follow- 
ing species  are  provisionally  referred  here  on  account  of  an  apparently 
similar  relation  between  cells  and  interstitial  cells. 


XX.     Callopora  magnopora,  sp.  n, 

{Plate  XVI,  Fig,  5  ;   Plate  XVII,  Fig,  16. ) 

Zoaria  branching  at  intervals  of  about  15  mm;  branches  from  6.5 
to  8  ram.  in  diameter,  rather  irregular  in  form  and  often  with  low  tu- 
bercles of  no  marked  characteristics,  and  which  may  be  entirely  ab- 
sent. Cells  about  S  in  a  distance  of  3  mm.  Cell  apertures  sub-circu- 
lar, the  margins  not  distinguishable  at  the  point  of  contact,  but  distinct 
and  elevated  along  the  rest  of  the  cells,  apparently  enclosing  intersti- 
tial cells,  these  appearances  obscured  by  abrasion.  Tangential  sec- 
tions seem  to  give  better  evidence  of  interstitial  cells,  these  being 
smaller,  irregular,  rather  fewer  in  number,  and  more  or  less  surround- 
ing the  more  circular  cells.  In  longitudinal  sections  the  interstitial 
cells  may  apparently  be  also  detected,  being  narrower  cells  with  some- 
what more  numerous  diaphragms.  In  one  specimen  there  were  10 
diaphragms  in  a  length  of  i  mm.  in  the  cells,  in  the  interstitial  cells 
13  or  14  were  found. 

This  species  is  readily  distinguished  from  the  last  by  the  larger 
size  of  the  cell  apertures,  being  about  one  and  a  half  times  the  size  of 
that  species.  When  the  number  of  the  cells  is  approximately  ihc  same 
this  may  be  accounted  for  by  the  fact  that,  whereas  in  the  former  s|)e- 
cies  there  is  a  considerable  space  left  between  the  margins  of  the  cells,  in 
this  species  they  are  united  into  one  cell  wall,  indistinguishable  at  the  sur- 
face. The  number  of  diaphragms  is  also  much  greater  in  this  s|)e(Mcs. 
However,  if  the  presence  of  interstitial  cells  has  been  c  orrcctly  deter- 
mined, this  offers  no  ready  character  for  determination,  since  abraded 
specimens  and  even  moderately  well  preserved  s|)ecimcns  are  scarcely 
distinguishable  by  superficial  examination  in  appearance  from  the  last 
spec i e s.     The  name  sig n i fi es  lar}:^e  pored  or  celled. 

Locality  and  position.  Centreville,  Soldiers'  Home  ()uarry,  Clin- 
ton Group. 


Zoana  more  regular  in  formaiion  Ihan  the  two  s]>ecies  laS  df 
scribed,  branches  varying  from  2.$  mm.  to  5  mm.  in  diameter.  CelU 
apparently  of  two  kinds.  The  true  cells  arc  of  nearly  uniform  siw, 
stilicircular,  and  stationed  apart  at  somewhat  regular  intervals,  from  n 
to  13  occupying  a  distance  of  3  mm.  Separating  these  ceils  and 
usually  completely  isolating  them  are  a  number  of  interstitial  cells  vny 
variable  in  size,  even  in  the  same  part  of  the  branch,  some  being  lit- 
ger  and  some  smaller  than  the  true  cells,  but  usually  of  the  same  av«- 
age  si/e.  The  true  cells  are  usually  in  our  specimens  filled  more  or  less 
with  sediment  and  sn  are  more  readily  distinguishable.  Tangential  sec- 
tions show  this  feature  very  plainly.  Longitudinal  sections  do  ik* 
show  any  difference  in  size  between  the  true  and  the  interstitial  cells, 
nor  is  there  any  appreciable  difference  in  the  number  of  the  strBigM 
diaphragms;  these  features  will  distinguish  il  readily  from  C  elf;^ailn- 
la.  Hail.  It  will  be  rememl>ered  that  only  under  favorable  ciicum- 
stances  was  any  difference  noted  in  the  number  of  diaphragms  in  ihc 
last  species.  The  number  of  diaphragms  in  generalis  but  slightly  greater 
than  in  that  species. 

Loialtty  and posilipii.     Centreville,  Clinton  Group. 
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Fi^.  7.  l^utnoporafitnMaia^  James  ;  a  typical  frond,  parted  along  the  epithe- 
cal  membranes ;  branches  frequently  found  with  a  looser  arrangement. 

Fig,  8.     Pathyduiya  tmaciaia^  n.  sp  ;  the  type  specimen. 

Fig.  9.  Pachydicfya  bifurcata^  ( Van  CUvt)  Hall;  a  large  frond  shewing  in  places 
a  pseud o-anastomosis  of  the  branches. 

Fig.  10.  Pachydiclya  b^rcata^  var.  insiabilis^  n,  var ;  one  of  the  extreme 
forms. 

Fi%.   II.  Piuhydictya  iurgida,  n.sp,    a  typical  form. 

Fig,  12.  Pachydiclya- obesa^  n.  sp;  the  basal  portion  of  a  frond,  its  articulating 
end  not  discovered;  the  frond  usually  widens  considerably  above  and  is  often  de- 
cidedly undulating. 

Fig,  13.  Rhinopora  verrucosa^  Hall;  a,  a  fragment  showing  raised  branching 
lines ;  b,  a  similar  specimen  in  which  weathering  has  caused  the  same  to  appear  as 
depressed  veins  ;  c,  a  specimen  in  which  the  cells  at  the  junction  of  the  veins  have 
become  somewhat  more  prominent,  forming  low  tubercles. 

Fig.   14.  Prasopora parmula.  n.  sp  ;  the  type  specimen. 


PLATE  XVI. 

Fig.  I.  P/ucnopora  plalyphyUa^  James ;  a  frond,  parted  along  the  epithecal 
membrane. 

/%rg.  2.  Phixnopora  magna^  Hall  and  Whitfield ;  a  frond,  parted  along  the 
epithecal  membrane. 

Fig.  3.  Phocnopora  multifida^  {Van  CUve)  Hall;  a  typical  specimen  from  the 

collection  of  Mr  Geo.  Caswell  ;  parted  along  the  epithecal  membrane. 

Fig.  4.  Monotrypclla  conjlucns,  n.  sp ;  a,  a  branch  ;  b,  a  typical  gnarled  ex- 
pansion. 

Fig.  ^.  Callopora  magnopora^  n.  sp ;  a  branch. 

Fig.  6.  Callopora  Ohiocnsis^  n   sp;  a  branch. 


PLATE  XVIL 

Fig.  I.  Phylloporina  att^uhUa^  Hall;  a,  celluliferous  side  ;  b,  non-cellulifer- 
ous  side  ;  c,  a  tangcntitial  section. 

Fig.  2.  Henutryfa  Ulrichi,  n.  sp;  a,  the  network  covering  the  celluliferous 
side  ;  b,  the  non  celluliferous  side  ;  c,  a  tangential  section. 
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THE   CLINTON  GROUP  OF  OHIO.— PART   IV. 


BY    A.     F.     FOERSTE. 


CHEMICAL  GEOLOCiY. 

The  Silurian  rocks  of  Ohio  open  with  the  Cincinnati  Group. 
This  group  is  composed  of  a  series  of  limestones  inierbedded  with 
shales  or  clay.  Neither  the  limestones  nor  the  shales  are  magnesian 
in  character,  the  carbonate  of  magnesia  rarely  exceeding  six  per  cent. 
The  amount  of  silica,  however,  varies  greatly.  The  lower  beds  of 
limestone  contain  from  ten  to  twenty-five  per  cent,  of  silicious  matter; 
there  is  a  corresponding  diminution  of  the  amount  of  the  carbonate 
of  lime.  The  upper  part  of  the  series,  however,  contains  very  little 
silicious  matter,  usually  less  than  two  per  cent.;  the  carbonate  of  lime, 
however,  becomes  a  much  more  important  constituent,  averaging 
ninety  per  cent.  The  interbedded  shales  differ  from  the  limestones 
chiefly  in  the  amount  of  silica  contained,  there  being  a  corresponding 
diminution  of  the  carbonate  of  lime.  Thus  the  amount  of  silicious 
matter  in  the  shales  varies  between  fifty-five  and  eighty  y)er  cent.;  the 
amount  of  the  carbonate  of  lime,  between  four  and  twenty  i)er  cent. 
The  shales  also  contain  more  alumina  than  the  limestones,  but  tne 
striking  difference  is  evidently  the  amount  of  silicious  matter  contained. 
In  one  of  the  lower  series  of  shales  belonging  to  the  Cincinnati  Group, 
but  found  in  Covington,  Kentucky,  the  amount  of  silicious  matter  is 
somewhat  less,  forty-three  per  cent.,  and  the  amount  of  the  carbonate 
of  lime  is  much  greater,  forty-seven  per  cent.      Otherwise  the  chemi- 
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cat  peculiarities  of  the  shales  are  quite  uniform,  differing  in-this  respect 
I   from  the  interbedded  limestones. 

In   Preble  county,  near  Fair  Haven,  a  sandy  rock  intervenes  bt- 
t  tween   the  Cincinnali   and  the  Clinton   Group.      It  is  about  two  [«t 
I  thick.     In  a  fragment  of  rock  lying  near  by  and  apparently  of  the 
f  same  origin,  there  was  the  impression  of  a  large  aviculoid  shell,     b 
)  Clinton  county,  near  Wilmington,  there  is  another  series  of  sandy 
>  stone  between  the  Cincinnali  and  the  Clinton  Groups.     The  lower 
part  consists  of  quite  heavy  stone,  about  five  feet  of  it  are  exposed, 
although  there  may  be  more.     This  contains  annelid  teeth  near  its  u|i- 
per  courses.     These  sandy  stones  are  referred  to  the  Medina  Group, 
although   there  is  no  paleontological  proof  to  warrant  this  reference. 
.  They  do  not  exist  at  all  in  the  numerous  exposures  near  Dayton. 
'  Several  years  ago  my  friend,  Mr.  A.  B.  Knerr,  ai  that  time  assist- 

ant in  the  chemical  laboratory  of  Wittenberg  College,  made  for  me 
some  analyses  of  the  rocks  found  at  Huffman's  quarry,  souihcasi  of 
Daylon,  and  also  of  one  specimen  from  the  Clinton  Group,  at  a  hill 
known  as  Camp  Corwin.  east  of  Dayton.  The  result  is  shown  in  the 
following  table: 
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Of  the  specimens  here  analyzed,  those  marked  **dark  red"  afid 
**  light  red"  represent  the  typical  forms  of  Clinton  as  they  occur  at 
Huffman's  quarry.  With  these  may  be  compared  the  following  analy- 
ses of  Clinton  rocks  from  other  parts  of  the  state.  Centerville,  Mont- 
gomery county:  CaCOs,  86.30;  MgCos,  11.34;  SiO„  .85.  Eaton, 
Preble  county:  CaCOs,  85.21;  MgCos,  13.56;  SiO,,  .35.  Brown's 
quarry,  New  Carlisle,  Clarke  county:  CaCOs,  95.60;  MgCOj,  3. 93; 
Si02,  not  discovered  in  the  analysis,  if  present  at  all,  then  only  in  in- 
appreciable quantities.  Ludlow  Falls,  Miami  county:  CaCOs,,  91.30; 
MgCOs,  6.51;  SiO,,  .80. 

Comparing  the  limestone  of  the  Clinton  Group  with  those  of  the 
upper  part  of  the  Cincinnati  Group,  we  find  a  close  resemblance  in 
the  small  amount  of  silica  present  in  each.  The  magnesium  carbon- 
ate, however,  which  in  both  the  shales  and  limestones  of  the  entire 
Cincinnati  Group  was  present  only  in  inconsiderable  amounts,  now 
begins  to  be  a  very  variable  quantity,  varying  from  less  than  one  per 
cent,  to  almost  fifteen  per  cent.  This  variation  causes  a  compensating 
change  in  the  amount  of  calcium  carbonate  present.  It  will  also  be 
noticed  that  the  central  locality,  near  Dayton,  has  the  least  amount  of 
magnesium  carbonate,  but  that  the  amount  increases  in  all  directions, 
moderately  so  towards  the  northeast,  Hrown's  (juarry,  and  the  north- 
west, Ludlow  Falls;  but  markedly  so  towards  the  south,  Centreville, 
and  the  west,  Eaton.  In  other  words  there  seems  to  be  a  slight  ten- 
dency of  the  Clinton  Group,  beginning  with  Dayton  as  the  center,  to 
become  more  magnesian  towards  the  circumference  of  the  exposed 
parts. 

The  same  thing  is  true,  but  in  a  far  more  marked  and  satisfactory 
sense,  of  the  Dayton  limestone.  Here  again  the  series  of  quarries  of 
which  Huffman's  quarry  is  the  center,  contain  the  least  amount  of 
magnesium  carbonate.  At  a  distance  these  exposures  become  more 
and  more  magnesian  until  finally  they  can  no  longer  be  told  from  the 
Niagara  shales  above. 

But  there  is  "not  only  an  increase  in  the  amount  of  dolomiiisation 
laterally,  but  also  vertically.  To  be  sure,  in  Huffman's  quarry  this 
change  is  very  sudden.  There  is  a  fairly  sharp  line  between  the  Clin- 
ton Group  and  the  Beavertown  marl.  At  Todd's  Fork,  near  Wilming- 
ton, Clinton  county,  they  gradually  run  into  each  other,  and  there  is 
a  commingling  of  fossils.     The  Niagara  shale  at  Huffman's  quarry  is 


k)so  Ignite  distinct  from  ihe  Dayton  limestoDC  bcncaih.  But  at  Ccnter- 
ville,  and  numerous  other  places  throughout  the  state,  there  is  quite  ' 
gradual  change  from  one  into  the  other.  Whatever  may  have  been 
the  cause  of  the  increase  uf  the  airbonate  of  inagnesium,  it  seems  to 
have  originaicd  outside  of  the  §pccial  area  here  described.       It  began 

»tO  operate  in  the  Clinton  Group.  At  Todd's  Fork  the  change  ww 
nther  gradual,  but  al  Huffman's  quarry,  after  dolomiti  sat  ion  elsewhrtc 
'  Had  became  quiti;  advanced,  it  seems  to  have  come  suddenly,  remained 
long  enough  to  deposit  the  thin  Beavcrtown  marl,  and  then  to  have 
retreated  again,  giving  way  to  the  formation  of  quite  a  pure  limestone 
again.  Meanwhile,  on  Ihe  oiitskirls  of  this  area  the  dolomitic  charac- 
ter was  still  maintained,  and  a  second  advance  of  the  causes  leading 
to  dolomiti  sat  ion  took  place,  gradual  al  the  outskirts,  quite  sudden  H 
Huffman's  quarry.  After  this  second  advance  of  the  cause  which  may 
have  given  rise  to  dolomitisation.  it  l)ecarac  permanent,  Ihe  silicioiis 
elements  which  had  accompanied  its  earlier  advance  became  less,  and 
the  comparative  amount  of  dolomite  increased  until  in  the  Springfield 
and  Guelph,  or  Cedarville  strata,  the  rock  had  become  a  typical  dol- 

li  is  evident,  therefore,  that  the  jiroblems  as  lo  ihe  cause  of  the 
rai)iil  suicession  "f  the  limestones  .ind  shale  or  clays  of  the  Lower  Si- 
lurian is  a  dilTcrcnt  one  from  that  of  the  cause  of  ihi 
the  HeavertiiH-n  marl    an.l  the  Nia^jar.!  shales    in    the 


n  Gmup  of  Ohio.      While   i 


■  of  Ihe  Upper  ■Silurian  were  pan 
cner^l  proicss  of  dolimiitisation.  more  or  less  gradually  inlecting 
dimenis  of  ihe  series,  those  of  the  Lower  Silurian  evidently  are 
.-sull  of  a  much  more  rapid  and  much  more  frequent  alter.-itinn. 
of  these  |iroc-esses  reuiain  siill  to  he  explained.  Much  has  tven 
IV.  it  may  lie -.-ijually  v;ihiahle  lo  examine  the  ipiestion  without 
|.i.>i  i.il  iheiiry  in  view.  The  eheniical  relations  of  the  flinion 
)  \n  rhe  roi  ks  above  and  below  ran  at  least  be  well  established. 
i  reiii.iins  In  iiutc  a  few  points  ;ii")ul  the  relative  amount  of  iron 
u  in  the  <  linton  (Iroup.  In  the  two  analyses  froni  Huffman's 
,■  noted  '-light  red"  and  -'dark  red"  it  will  be  noticed  how 
a  variation  of  the  amount  of  iron  present  is  sufficient  lo  make  a 
■<I  difference  in  ."ippearance  to  the  eye.  The  Camj)  Corwm  speci- 
s  from  the  iippennosl  layers  of  the  Clinton  Gronp.  at  the  locali- 
Mitioned  and  is  a  ])i(ked  s])ecimen,  the  usual  amount  present   in 
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the  same  layers  being  much  less.  The  amount  of  iron  becomes  great- 
er as  well  as  far  more  regular  in  the  upper  courses  of  the  Clintoh 
Group  at  Todd*s  Fork,  here  becoming  oolitic  in  places.  Farther  south 
from  this  point  it  increases  until  it  reaches  some  importance  in  thd 
southern  counties. 

The  specimen  from  Huffman's  quarry  marked  "  dark  green  "  is 
a  fragment  showing  localized  features  of  the  ordinary  limestone  of  that 
locality,  of  small  extent,  usually  existing  only  as  little,  often  far  dis- 
tant, patches.  In  the  discussion  of  the  chemical  character  of  the  rocks 
here  examined  the  analyses  made  by  Dr.  T.  G.  VVormley,  a  id  pub- 
lished in  the  various  volumes  of  tlu*  Ohio  Geological  Survey  have  been 
constantly  before  my  eyes. 

STRATIGRAPHICAL  GEOLOGY. 

Stratigraphically  the  Clinton  Group  of  Ohio  presents  no  marked 
subdivision  except  that  of  the  Beavertown  marl,  which  occurs  at  Huff- 
man's quarry,  and  also  at  Todd's  Pork,  but  not  as  a  marked  subdvis- 
ion.  The  top  of  the  Clinton  at  Centreville  and  the  Soldiers'  Home 
quarries,  is  composed  of  a  few  inches  of  clayey  sediments,  which  pre- 
sent a  much  larger  number  of  specmiens  of  certain  species  than  are 
found  in  the  rocks  below.  These  are:  Orthis  hybrida,  O.  e/egantula, 
G.  fausta,  O.  Daytonensis,  Triplesia  Ortoni,  Calymene  Vogdesi  (the  lar- 
ger forms).  Rhifwpora  frondosa,  and  Homotrypa  confluens.  But  this 
seems  to  be  a  mere  local  variation. 

A  comparison  of  the  Ohio  Silurian  with  the  corresponding  strata 
of  Indiana  is  at  the  present  date  difficult,  owing  to  the  fact  that  no 
connected  plan  of  work  seems  to  have  been  followed  in  that  state,  so 
that  observations  made  are  apt  to  have  only  very  local  value,  and  dif- 
ferent writers  apparently  apply  different  values  lo  the  same  stratigraph- 
ical  names.  Careful  paleontological  .observations  with  the  exception 
of  the  VValdron  beds,  are  also  lacking.  Lithological  features  alone, 
unfortunately,  are  so  often  deceptive  that  not  much  reliance  can  be 
placed  upon  them.  However  the  following  conclusions  seem  fairly 
well  drawn. 

The  Lower  Silurian  series  of  Indiana  have  been  well  determined. 
In  places,  especially  in  Decatur  and  the  more  southern  counties,  the 
base  of  the  Upper  Silurian  is  formed  by  a  sandy  rock,  varying   from 


ii  few  inches  to  several  feet  in  thickness,  and  c«rre3[>ondiDK  in  position 
to  with  those  of  Fair  Haven  and  Todd's  Fork,  in  Ohio — the  M-called 
"      Medina, 
^^ft  The  top  of  the  Upper  Silurian  of  lodiAiia  has  also  been  well  de- 

^P  termined.  It  consists  of  the  highly  magnesijn  rock  known  as  the 
Guelph,  in  Canada,  and  the  Cedarville,  in  Ohio.  It  has  been  identi- 
fied in  Grant.  Madison,  Delaware,  and  Randolph  counties  ( 13th  Rep. 
Ind,  Ceol.  Siirv.);  across  the  line  it  occurs  again  in  the  north  of  Preble 

■        county,  Ohio. 

^H  In  Ohio  the  S|iringfield  beds  have  been  identified  at  Eaton,  Preble 

^^  county;  and  the  West  Union  beds  seem  to  be  entirely  lacking.  The 
Springlictd  strata  are  in  reality  very  closely  allied  to  the  Cedarville 
Strata,  and  are  distinguished  mainly  by  the  great  abundance  of  the 
brachiopod,  Pttamtrus  ohloHgus,  and  by  the  fjct  that  it  usually  shows  \ 
more  decided  tinge  of  blue.  The  blue  magncsian  rocks  immediately 
to  the  south  of  the  Guelph  series  already  mentioned  may  safely  be  re- 
ferred here. 

In  Ohio  the  Eiton  beds  extend  south,  reaching  to  a  distance  with- 
in four  miles  of  the  Clinton  exposures  at  Fair  Haven.  About  two 
miles  north  of  the  latier,  the  intervening  portion  is  seen  to  contain 
linu-stonc  bc.Is.  and  alw  some  cherty  l.iyers.  one  of  which  is  well 
marked,  about  nine  inches  thick,  and  contams  numerous  specimens  of 
Aliyp"  reikiiUiiis.  .Now  if  the  cherty  layers  here  may  be  considered 
fairly  ci|uiv:ilcrit  with  the  cherty  beds  usually  found  beneath  the 
W^iliiron  fos>il  l.cds  of  Indiana,  then  the  Waldron  beds  may  fairly 
be  niiisidered  the  cfjuivalcni  of  the  Cjiper  Niagara  shales  of 
Ohio  and  iierhaj>s  10  lontain  sufticient  association  with  tlie 
S|iruiglicld  beds  to  give  its  fauna  a  tinge  of  the  facies  of  the  Ouelph. 
The  ],arl  below  the  cherty  bed.;  in  Indiana  would  then  contain  the 
materials  remgni/.eil  in  Ohio  as  Clinton,  ll.-iyton,  and  perhaps  the 
lower  lun  of  the  Ni:ig,ira  shale  strat^i.  'I'he  Clinton  has  been  report- 
ed from  various  parts  of  Indiana,  Inii  until  the  paleonlological  proofs 
for  such  references  are  given.  It  will  be  ini]>ossible  to  make  any  use  of 
the  identifications  so  far  m;ide. 

Paieontological  facts  also  bear  nut  these  conclusions.  The  fauna 
of  the  Waldron  shales  h.is  ipiite  a  decided  relation  to  the  Guelph  fos- 
sils. It  is  not  a  typical  Guelph  fauna,  but  it  has  a  facies  approaching 
that  of  the  Ciiclph  and  a  fair  number  of  species  are  identical.      The 
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Clinton  fauna  of  Ohio,  however,  is  not  at  all  like  that  of  the  Guelph 
in  character,  but  it  possesses  some  feautures  in  common  wiih  that  of 
the  Waldron  beds,  and  a  small  number  of  identical  species.  This 
would  indicate  a  lower  horizon  for  the  Waldron  beds  than  for  the 
Guelph  beds,  and  a  still  lower  one  for  the  Clinton  beds  of  Ohio.  The 
fact  that  the  Clinton  Group  of  Ohio  contains  a  number  of  fossils  sig- 
nifying a  low  horizon,  such  as  Rhinopora  verrucosa^  Phylloporina  angu- 
lata,  Leptccna  prolongata,  Strophomena  patenta,  Merstella  umbonata^ 
BeUerophon  fiscello-striatus,  and  Discosorus  conoideus,  and  the  fact 
that  the  Waldron  beds  have  no  such  types,  is  additional  evidence  in  fa- 
vor of  the  lower  horizon  of  the  Clinton  Group  of  Ohio.  That  the 
Clinton  Group  of  Ohio  should  begin  to  assume  the  ficies  of  the  Wal- 
dron beds  of  Indiana,  and  the  Waldron  beds  of  Indiana,  that  of  the 
Guelph  series  above,  are  facts  which  ihe  paleontologist  will  recognize 
as  being  of  frequent  occurrence,  and  indicating  consecutive  develop- 
ment of  life.  Moreover,  it  is  not  necessary  to  imaginp  that  the  vari- 
ous strata  mentioned  must  either  be  exact  equivalents  or  entirely  dis- 
tinct from  one  another.  While  life  ceased  at  one  locality  it  was  still 
continuous  for  some  time  at  another,  more  or  less  removed,  and  new 
types  gradually  introduced  in  those  localities  where  life  has  been  con- 
secutive, seem  to  have  been  introduced  suddenly  into  the  locality 
where  life  for  a  while  had  ceased,  whereas  it  is  only  a  case  of  the  re- 
introduction  of  a  faunna  in  one  place  after  life  had  ceased  for  some 
time,  from  some  other  locality  where  life  had  been  continuous,  and 
where  the  change  of  the  fauna  had  been  gradual.  Geological  divis- 
ions are  afier  all  only  convenient  methods  of  reference,  and  divisions 
are  regulated  largely  according  to  the  number  of  breaks  in  the  faunal 
development  of  any  region.  Every  experienced  paleontologist,  how- 
ever, knows  that  what  are  breaks  in  the  development  of  life  at  one 
place  are  gradually  bridged  over  at  some  other  locality.  1  his  feature 
is  in  small  part  shown  by  the  Clinton  and  Waldron  beds  of  the  VVest. 
Indeed,  the  Clinton  of  Ohio  is  itself  a  connecting  bridge  between  the 
Clinton  and  Niagara,  as  shown  in  New  York,  and  Dr.  E.  N.  S.  Ringue- 
berg  has  found  another  connecting  bridge  at  Lockport,  N.  Y.,  be- 
tween the  divisions  themselves.  Again,  the  Anticosti  Group  of  Cana- 
dian geologists  is  a  connecting  bridge  between  the  Upper  and  Lower 
Silurian  series  of  rocks.  This  illustrates  the  fact,  well  known  among 
students  of  ancient  life,  that  geological  divisions  are  not   universally 
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1  applicable,  but  thai  somewhere  or  other  any  dividing  line  is  api  to 
.  iail. 

(JeOGHAPHICAL    PAI.EON'I'OlXXiV. 

/{ffds  llill. — Kast  of  Fairfield,  a  village  near  Osborn,  is  a  hill 
that  prcsenis  a  fair  exposure  of  Clinton  rock*.  There  arc  about  eight 
fcei  of  it,  worked  for  building  stone,  of  an  inferior  quality.  Neither 
^^  the  line  of  junction  wiih  the  higher  nor  the  l6"-er  strata  was  observed 
^^L  here.  'Ilie  stone  is  of  a  pinkish,  oflen  ruse-red  color,  and  i»  cxim- 
^^K  posed  of  tiny  pieces  of  organic  m.itter,  prescr\  ing  very  few  fossiU  in 
^^H a  rondilion  admitting  ready  recDgoition  They  arc:  the  bases  of  two 
^^V  luodfi  of  cnnoids,  FavosiUs  Niagarensis.  Rhimtpera  vtrrutosa,  a  species 
^^^k-X&  FtitakUix.  Orthis  bifarali  vir  lynx  O^/^fx /iiuiAr.  n  id  several  spc 
^^B  aes  of  eup  orals  of  unknown  if{iniCieb 

^^H  Brewm  Quariy. — Two  and  a  half  mtles  west  of  New  (Carlisle  and 

^H  half  a  mile  south  of  Krown  s  Slatirjn,  on  the  I.  U.  and  W.  R.  R  ,  is  a 
^^K>^ltiirry  prwcnting  a  fine  exposure  nf  the  (  linton  Group,  The  super- 
^^^"poseit  strata  of  the  Niagara  (Ironp  nere  not  noticed  at  this  locality. 
althoiij;h  exposures  are  ssid  to  be  not  fir  distant.  The  Clinton  rock 
is  of  a  peculiar  while  color,  "hith  \ihen  >,round  gives  it  an  appearance 
niui  h  like  th-il  of  chnlk.  Ii  is  comparatively  soft,  so  that  the  fossils 
containvil  are  re:(ilily  duy  Iroin  the  rocks,  but  they  are  also  easily  in- 
jured, .iriil  n'lt  being  very  ir.irisliice.it  they  do  not  admit  of  good  mi- 
crosc()|iical  sections.  The  griiund  u])  rock  is  sol  I  for  marble  dust  and 
subserves  its  purpose  very  well.  .\  hot  lime  is  b.irned  from  the  rock 
which  formerly  was  in  large  deniind  in  neighboring  towns,  and  is  even 
now  ii-.ed  where  ihe  nianaj^cment  of  hot  liniL'-i  n  understood.  ITiis 
locality  is  of  almost  e.pial  v.il'ie  «iih  that  of  the  Snldiers'  Home  Quar- 
ries, fr.im  a  |Kilcontological  jioiiii  of  view,  Urachiopods  with  the  e\- 
ce]iiion  of  Rhviidiondla,  are  rare  The  trilobiles  are  well  represented 
an.l  several  new  si>ecies  arc  found.  Of  these  AsciJasph  Ortoni.  and 
a  Cfni'inii  are  the  most  prominent  f.kluubnvUeps  and  Pt'rinfa  hnsa 
are  very  common  here,  while  in  the  Soldiers'  Home  qiKirries  they  are 
very  r.ire.  llemitrypa  UlrUhi  is  <:oiiim"n,  also  various  species  of  cup 
corals.  Crinoid  biitions,  which  form  such  a  constant  feature  else- 
where are  almost  unknown  here,     Cephalopods  of  different  genera  are 

Liidlmo  FiiUs- — Most  of  the  Clinton  c\posures  were  half  covered 
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by  rubbish  from  neighboring  quarries  and  railroad  cuts  at  the  time  of 
examination.  The  color  of  the  stone  is  drab  and  m  places  dark  red. 
A  fragment  of  the  glabella  of  lUanus  Daytonensis^  and  a  movable 
cheek,  probably  of  the  same  species  were  found  here.  The  fauna 
consists  chiefly,  however,  of  various  corals,  such  as  Heliolites^  LyelUa, 
Halysiies,  FavosiUs^  Heliophyllum^  Diphyllum  and  Streptdasma.  The 
superposed  layers  of  the  Dayton  limestone  are  drab  in  color,  and  con- 
tain quite  a  large  percentage  of  magnesia. 

Fair  Haven, — The  character  of  the  fauna  is  much  the  same  as 
that  of  Ludlow  Falls,  with  the  exception  of  certain  additions.  Striato- 
pora  occurs  in  considerable  abundance.  Trilobites,  brachiopods,  and 
gasteropods  are  rare.  On  the  other  hand  various  bryozoans  of  the 
families  Strictoporidcs  and  MonticuhporiJos  are  seen  in  moderate  abun- 
dance. 

Camp  Cofwin. — \  mile  east  of  Dayton  lies  a  long  range  of  hills, 
the  most  northern  promontory  of  which  is  called  Camp  Corwin.  On 
the  crest  of  several  of  the  hills  near  by  several  feet  of  Clinton  rock  are 
seen,  of  crinoidal  structure,  with  few  recognizable  fossils.  The  color 
varies  from  pink  to  deep  red.  Some  of  the  courses  contain  a  large 
percentage  of  iron. 

Todds  Fork. — The  exposures  are  three  miles  north  of  Wilmington, 
chiefly  on  the  north  side  of  the  creek.  Five  feet  of  sandy  rock  re- 
ferred to  the  Medina  Group  are  exposed.  Above  this  rise  eighteen  feet 
of  Clinton  rock,  the  lower  courses  being  white  limestone,  quite  heavi- 
ly bedded,  then  more  reddish  rock  of  the  same  nature,  changing  into 
quite  a  heavy  deposit  of  reddish  rock  above,  containing  much  iron. 
The  last  bed  is  the  fossiliferous  one  and  has  yielded  so  far:  Illanus 
ambiguus^  /.  Daytonensis,  Proetus  determifiatus,  Dalmanites  Werthneri, 
Orthoceras  Jamesiy  O.  inceplum,  Raphistoma  affinis,  Orthis  elegantula, 
Rhynchonella  scobina^  Strophomena  rhomboidalis,  Plmtiopora  phityphylla^ 
miodictya  expansa^  Clathropora^  Zaphrentis,  and  Streptdasma. 

A  comparison  of  the  faunae  of  the  different  localities  so  far  men- 
tioned will  show  that  there  is  considerable  variation  in  the  distribution 
of  the  different  species.  The  most  striking  feature  is  the  comparative 
absence  of  trilobita,  gasteropoda,  and  brachiopoda,  and  the  large  de- 
velopment of  the  corals  at  Ludlow  Falls  and  Fair  Haven,  the  two 
more  western  exposures.  In  a  line  almost  parallel  with  these  are  the 
Soldiers'  Home,  Fauver's,  and  Brown's  quarries.     In  this  line  the  cor- 
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als,  altliough  present  to  a  moderate  degree,  do  not  form  a  marked  fea- 
ture of  the  enclosed  fauna.  However,  this  is  the  line  in  which  there 
is  3  considerable  variety  in  the  number  of  irilobites,  brachiopods.  and 
bryozoa.  It  is  especially  o(  value,  however,  as  containing  the  best 
general  collection  nf  the  fossils  peculiar  to  the  group  in  the  best  con- 
dition for  the  collector's  purposes.  The  localities  in  line  with  Reed's 
Hill,  Catnp  Corwin  and  the  Huffman  quarries  are  the  worst  localities 
for  collectors  of  specimens.  However,  beginning  at  HiifTman's  quarry 
there  are  a  few  fos-iils  at  the  very  top  of  the  Clinton  proper,  and  the 
fauna  of  the  Beuveriowii  marl  is  also  shown.  Al  Centreville  the  lop 
of  the  Clinton  projier  rcni:hes  a  greater  variety  in  the  fauna,  and  at 
Todd's  Fork,  where  there  is  a  commingling  of  the  two,  the  top  sirala 
are  quite  richly  fossilifetous  again.  The  question  presents  itself 
whether  this  distribution  of  the  fauna  can  have  any  relation  to  the  ele- 
vation of  the  Cincinnati  Arch.  If  so,  it  would  he  a  most  indubitable 
evidence  of  the  elevation  of  that  arch  before  the  beginning  of  the 
Clinton  Group. 

If  there  is  to  much  variation  in  the  fauna  of  even  a  quite  limited 
district  it  will  be  well  to  noie  what  forms  have  been  found  most  relia- 
ble in  the  ideniifiration  of  this  group,  forms  therefore  which  are  char- 
aclc-rislic  nnil  liavc  the  widest  geographical  range.  These  are:  Ilk- 
nils  Diiyli'iiemh.  /Ilivnus  iimh);ii/is.  DalmaniUs  Werlherni.  Pl<it\ostomus 
Nta^.ir^nie  {a  siii:ill  :ind  ronsl.int  form)  Orlhh  fliiMla.  Slrop/uimena pa- 
teiit.i.  Phylhpiiiiiiii  angiilntti .  CUiihiopora  frendosa,  Ptilodictya  expama. 
the  v;irimi,>*  spec  ie^  of  Plueiwpora  and  Rliimpora  verrucosa.  Any  local- 
ity in  tills  slate  or  in  Indiana,  cuniaining  five  of  these  species,  couM 
s-nfely  be  rcfi-rrt-d  to  the  Clinton  Group  as  represented  in  Ohio. 
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Part  IV.     The  Subcarboniferous  and  Waverly  Groups. 


BY    C.    L.    HERRICK. 

In  pursuance  of  the  plan  outlined  in  the  last  volume,  material  has 
been  slowly  accumulating,  the  collection  and  collation  of  literature 
and  unraveling  of  perplexed  synonomy  being  by  far  the  most  onerous 
task.  Nearly  every  foot  of  this  and  much  of  adjacent  counties  has 
been  searched  by  patient  collectors  and,  in  spite  of  the  great  difficul- 
ties, much  progress  has  been  made  \n  identifying  and  refc*rring  to  their 
horizons  the  fossils  of  the  Waverly  Group.  It  is  hoped  that  even  as 
brief  a  review  of  the  fauna  as  can  now  be  presented  will  prove  help- 
ful. Perhaps  no  other  limited  group  of  strata  in  the  Palaizoic  era 
has  been  the  theme  of  more  discordant  discussion  than  this  one.  The 
problem  of  the  Waverly  deserves  to  rank  with  that  of  the  Keweenaw 
and  Taconic.  While  not  claiming  to  settle  the  points  at  issue  in  this 
paper,  it  is  hoped  that  the  material  made  accessible  by  the  pictorial 
and  descriptive  matter  presented  will  at  least  afford  every  competent 
palaeontologist  with  considerable  material  upon  which  to  base  his  opin- 
ion. The  methods  hitherto  employed  in  the  study  of  the  Waverly 
have  been  fatally  lacking  in  several  particulars.  Generally  the  de- 
scriptions have  been  unaccompanied  by  figures  and  frecjuently  so  hasty 
as  to  make  it  necessary  to  base  our  opinion  as  to  the  accuracy  of  the 
indentification  on  the  reputation  of  the  writer.  No  published  work 
♦has  given  the  sequence  of  the  fossils  attributed  to  the  Waverly,  but  in 


many  cases  evidence  ts  wantinc  as  Iq  the  fact  that  the  stratum  referred 
to  actually  belonged  in  the  same  group  or  tormation  as  those  wiih 
which  it  was  collocated.  The  question  was  entirely  open  as  to  wheihet, 
for  example,  those  specie*  figured  in  the  Ohio  P3la;^ntology  were  dis- 
tributed throughout  the  series  ot  were  characteristic  of  limiieJ  zones. 
Maiiy  species  have  been  referred  to  the  Waverly,  which  all  precedents 
show  to  be  true  coal-measare  forms  while  in  a  few  cases  Devonian 
s])ecies  are  brought  into  curious  and  unexpected  relations  with  such 
species.  We  are  quite  in  the  dark  as  lo  whether  the  coal-measure 
forms  are  associated  in  the  same  actual  horizon  with  Devonian  types 
or  whether  the  collocation  of  faiinx  is  more  or  less  arbitrary  ot,  at 
best,  merely  a  theoretical  result  of  a  general  survey. 

The  Ohio  Waverly  is  the  natural  arena  for  the  settlement  of  the 
problem  as  being  the  mosi  accessible  and  the  earliest  known.  These 
.  rocks  were  first  confidenily  referred  to  the  position  of  the  Chemung 
of  New  York,  but  a  more  extensive  comparison  has  shown  ihai  the 
Waverly  is  much  more  closely  allied  to  the  carboniferous  than  was 
first  supposed.  Prof.  Alexander  Winchell,  who  has  given  most  alien- 
lion  to  this  series  (which  he  calls  Marshall!  regards  these  rocks  as  the 
equivalent  of  at  least  a  ]>art  of  the  strata  usually  referred  to  the  Oris 
kany.  It  is  our  ]>iiriiosi;  to  defer  extended  discussion  of  these  points 
to  the  clijse  of  this  scries  and  our  use  of  the  term  Waverly  is  to  be 
undersioinl  as  »,iiving  the  mutter  of  terminology,  though  that  name 
lias  iiriiirily,  in  Ohio  at  Ilmsi.  and  iis  use  in  the  restricted  modern 
sense  does  not  involve  any  amliigulty. 

'['<)  ilhisirate  what  has  been  said  of  the  great  importatice  and 
(liffioilty  of  slratigraphical  determinations  we  may  allude  to  the 
rondilion  of'  our  knowledge  reg.irding  the  equivalent  rocks  in  Michi- 
gan.    The  serial  relations  in  that    state  are,  according  to    Prof  Win. 
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The  Huron  Group  furnishes  "all  that  is  requisite  to  answer  the 
demands  of  the  Portage  and  Chemung  groups.  The  thickness  is,  in- 
deed, considerably  reduced;  but  it  must  be  remembered  that  all  other 
New  York  groups  traced  into  Michigan  exhibit  even  a  greater  attenu- 
ation than  this  parallel  would  imply.*' 

Enumerating  the  fossils  of  ihe  Huron  Group  in  1870,  Prof  Win- 
chell  say.s:  "  Four  of  the  [ig]  foregoing  species  I  have  identified 
more  or  less  doubtfully  with  species  of  the  Hamilton  group."  "The 
equivalencies  of  these  rocks  are  not  very  precisely  indicated  from  the 
palfeonlological  data.  Thai  the  formaiion  is  newer  than  the  Genessee 
shale  is  demonstrated  by  its  observed  superposilion.  The  palieonto- 
logical  evidence  indicates,  at  least,  that  the  fauna  is  older  than  that  of 
the  Marshall  group;  and  this  is  all  that  is  necessary.  If  this  group  of 
rocks  is  proven  by  strati  graphical  superposition  to  be  newer  than  the 
Genesee,  it  belongs  either  to  ihe  horizon  of  the  Ponage  and  Chemung, 
or  to  that  of  the  Marshall."  "The  Huron  group,  above  the  black 
shale,  must  correspond  to  the  Portage  and  Chemung  or  to  some  por- 
tion of  them." 

Rominger.  in  1876,  writes:  "The  light-colored  greenish,  arena- 
ceous shales  on  top  of  the  black  shale  exposed  along  the  shore  of  Big 
Traverse  bay,  may  be  possibly  an  equivalent  of  the  Erie  shales  of  the 
Ohio  geologisLs.  but  no  fossih  have  been  found  by  which  this  question 
can  be  determined.  The  shales  in  the  southern  part  ot  llie  peninsula, 
which  were  considered  by  Winchell,  as  a  part  of  his  Huron  shales  oc- 
cupy a  higher  position,  and  must  be  identified  with  the  Waverly." 
"The  conformity  of  rock  material  and  stratification  in  this  part  of  the 
formation,  above  and  below  the  imaginary  division  line  between  the 
Devonian  and  carboniferous  deposits  is  so  perfect  that  no  one  would 
accept  this  stratum  as  the  terminal  deposit  of  the  Devonian  ocean, 
even  if  the  fact  were  ignored  th.it  ai  least  500  fi^et  of  rock  beds  below 
this  horizon  present  the  faunal  characters  of  the  Cuyahoga  shales  of 
Ohio,  which  form  the  upper  division  of  the  Waverly  group.''  The 
order  of  sequence  as  given  by  Winchell,  Rominger  declares  entirely 
wrong,  claiming  that  it  was  based  upon  a  mistake  of  a  syncUnical  sec- 
tion for  a  regularly  descending  one,  so  that  what  was  regarded  by  the 
former  as  the  foot  of  the  section  the  latter  affirms  10  be  the  same  hori- 
zon as  that  at  the  opposite  extreme.  These  discrepancies  are  here 
pointed  out  not  in  order  to  harmonize  them,  which  would  require  care- 
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into  Still  greater  prominence  the  close  relation,  both  fauqal  and  litho- 
logical  between  the  Waverly  and  the  carboniferous.  The  general  con- 
clusions formulated  are  as  follows:  **That  all  its  rich  fauna  is  of  a 
decidedly  carboniferous  type  ;  second,  that  it  includes  a  number  of 
species  characteristic  of  the  lower  carboniferous  rocks  of  Kentucky, 
Tennessee,  Illinois.  Iowa,  and  Michigan  ;  third,  that  it  furnishes  at 
nearly  all  of  its  fossiliferous  localities  certain  species  which  are  also 
common  in  the  coal-measures  above  ;  fourth,  that  our  collections  made 
include  no  Chemung  or  Portage  species ;  fifth,  that  it  is  continuous 
with  the  **  vespertine"  and  **  umbral  "  rocks  of  Pennsylvania/* 

The  subdivisions  of  the  Waverly  are  as  follows  : 
The  conglomerate  (coal  meas) 

1.  Cuyahoga  shale , 150-250  ft. 

2.  Berea  Grit Co  ft. 

3.  Bedford  shale 75  ft. 

4.  Cleveland  shale 21-^0  ft. 

Erie  shale  (Chemung.) 

It  is  to  be  noted  here  that  what  has  since  been  called  tiie  Logan 
sandstone,  which  makes  up  the  bulk  of  the  exposed  part  of  the  forma- 
tion south  of  the  middle  of  the  state  is  here  omitted  (probably  as  be- 
ing identical  with  the  Berea. )  But  doubtless  nearly  nil  the  fossiis,  on 
which  the  judgment  pronounced  as  to  the  carboniferous  age  of  the 
series  was  founded,  were  actually  derived  from  this  part,  i.  e.  our  series 
III.  The  Cuyahoga  or  the  upper  part  of  it  added  to  this  habitus  re- 
remarkably.  The  careful  study  of  the  Cuyahoga  will,  I  think,  surprise 
geologists.  If  not  actually  a  part  of  the  coal-measure  series,  it  has 
curious  premonitory  symptoms. 

Prof.  E.  VV.  Claypole,  who  incidentally  discusses  this  question  in 
a  paper  read  in  1884,  gives  the  following  section  of  the  Waverly  : 

Conglomerate  (coal  meas.) 

1.  Logan  Cjfoup  (of  sonthern  Ohio.) 

2.  Cuyahoga  shale. 

3.  Berea  shale. 

4.  Berea  Grit — Waverly  sandstone. 
c.  Bedford  shale. 

6.     Cleveland  shale. 

This  would  be  adapted  to  our  own  view  by  transposing  Nos.  i 
send  2,  or  by  intercalating  No.  i  somewhere  in  No.  2. 
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Let  it  he  observed  that,  in  our  opinion,  the  diversit)'  of  opinion 
as  to  the  affinities  of  the  Waverly  Group  is  very  largely  due  W  ibc 
vain  attempt  to  regard  it  as  homogeneous  and  the  failure  lo  distin- 
guish the  Berea  Grit  from  the  sandy  upper  layers — Logan. 

Finally  Prof.  1  lall,  in  Vol.  V,  of  the  Paleontology  of  New  York, 
seems  to  withdraw  quite  fully  from  his  early  view  of  the  identity  of 
the  Waverly  of  Ohio  with  the  Chemung  of  New  York,  (always  com- 
fwring  our  Middle  and  Upper  members — the  lower  being  considered 
iinfossiliferous.)     He  says: 

*'  A  careful  examination  of  those  species  supposed  to  have  a  ver- 
tical range  from  the  Chemung  group  to  the  Waverly  group,  has  shown 
that  tiiey  arc  allied  forms  but  specifically  distinct."  He  neverlhelMs 
admits  that  the  genera  are  identical  with  those  of  the  Chemung,  only 
four  genera  of  lamellibranchs  being  found  in  the  Waverly  not  also 
found  in  the  Hamilton  or  Chemung.  The  scries  accessible  to  Prof. 
Hall  was  also  very  incomplete. 

If  it  should  prove  that  many  Chemung  forms  persisted  in  Ohio 
long  after  (he  shnllowing  waters  of  Ne*-  York  were  un6tled  for  them 
ami  that  formn  of  carbiniferous  habit  were  gradually  introduced  il 
w(niUI  only  furnish  aticilher  to  the  long   list   of  similir  instances  stand- 
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Though  tlfe  conglomerates  may  disappear  or  vary,  the  fauna  of  the 
subjacent  shales  afford  conclusive  criteria  for  ascertaining  at  least  th^ir 
approximate  position.  With  these  two  lines  of  reference  once  estab- 
lished, and  leveled  east  and  west  through  our  district,  the  study  of 
higher  and  lower  horizons  became  more  fruitful. 

Before  discussing  the  work  in  this  field  it  becomes  necessary  to  recall 
some  points  already  stated  in  the  first  paper.  It  will  be  remembered 
that  our  attention  was  given  solely  to  a  thin  band  of  shale  lying  about  i6o 
feet  above  the  bottom  of  the  coal-measures  at  Flint  Ridge.  In  the  same 
report  a  band  of  limestone  is  referred  to  as  occupying  a  place  about 
loo  feet  above  the  Maxville  limestone,  in  Muskingum  county  and  con- 
jecturally  referred  to  the  position  of  the  lowest  coal  seam  east  of  New- 
ark, at  Bald  Hill.  This  limestone  has  been  further  examined,  and  al- 
though it  has  not  yet  been  found  possible  to  satisfactorily  demonstrate 
our  position,  the  palaeontological  evidence  is  not  inconsistent  with  that 
theory.  West  of  Fultonham  this  thin  band  is  well  exposed  and  lies 
about  1 20  feet  below  the  coal  mines  of  that  region.  If  these  coal 
mines  are  on  the  same  horizon  as  that  at  Flint  Ridge,  the  relation  is 
the  same  as  at  that  place,  except  that  a  few  feet  are  interpolated  (as 
would  be  expected)  above  and  below.  The  limestone  in  question  is 
sometimes  dark  and  shaly,  at  others  is  dense  and  crystalline.  Its  fauna 
is  quite  large  and  the  following  species  have  been  identified. 

1.  Productus  cora,  rare,  though  common  as  at  Flmt  Ridge. 

2.  Productus  semireticulatus^  common. 

3.  Productus  loftgispinus^  not  common. 

4.  Chonetes  mesoloba^  rare. 

5.  Athyris  subtilita,  common. 

6.  Spirifer  cauwratus,  (=r  S.  stria tus. ) 

7.  Allorisma  subcuneata. 

8.  Naticopsis  nodosa. 

9.  Naticopsis  nana  ? 

I  o.  Macrocheilus  ponderosus  ? 

1 1 .  Macrocheilus  planus  1 

12.  Macrocheilus  paludina:formis,  small  form. 

1 3 .  Macrocheilus  fusifi  ^rmis  ? 

14.  Bcllerophon  nodocarinatus,  fine  large  specimens. 
14.  Bcllerophon  s[). 

The  fifteen  species  discriminated   are  beyond  doubt  coal-measure 
forms  and  the  chief  difference  between   the  assemblage  and  that  at 
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Flint  Ridge  is  in  the  relative  abundance  of  the  species.  Naiicopsis 
nodosa  has  not  been  recognised  from  the  Flint  Ridge  shaJes  and  Pro- 
ducEus  semireticulatus  is  abundant  in  the  Waverly,  hut  rare  in  the 
Flint  Kidge  shales.  It  is  possible,  but  not  probable,  that  the  two  ho- 
rizons are  identical.  The  sandstone  and  shales  underlying  this  band 
are  unfossiliferous  and  the  next  link  in  the  series  connerling  the  coal- 
measures  and  the  Waverly  is  found  in  the  so-called  Maxville  or  Chester 
limesione,  A  considerable  fauna  will  yet  be  restored  to  us  by  a  suffi- 
ciently prolonged  search  in  the  limestonts  and  shales  of  this  scries  in 
Ohio,  which  is  nearly  25  feet  thick  in  the  vicinity  ol  Fultonham. 
Eleven  .species  have  been  described  from  this  horizon  by  Whitfield. 
The  characteristic  species  which  are  everywhere  abundant  arc  Prattue- 
tus  pantui,  which,  however,  is  often  much  larger  than  the  type  and 
approaches  P.  sera  ire  ticulalus  in  some  characters,  Spiriftr  glukr. 
Athyris  subiilila,  Euomphaliu  ptanodorsalus  and  BeitrrophoH  sp, 
PUurotomaria  ekfsitrtnsii  1  Hol&pia  arwtonmsisi  Nauiilus  specta- 
bilus,  CttitoJonla}  sp,  Alturismit  arulrrwsi.  (Plate  XIII,  Fig.  12)  and 
Spifi/er  imrtbtseetts,  H,  With  regird  to  the  last  mentioned  species 
it  may  be  here  noted  that  no  difficulty  exists  in  tracing  this  species  m 
its  successor  in  the  coal-measures  (S.  opirr.us)  and  to  its  probable  pro- 
genilor  iu  the  St,  1,'juis  group  (S,  Keokuk  v.ir.  Hall),  this  in  turn  to 
thv  Keiikuk  yroiip.  There  are  ui.my  hints  of  this  sort  which  will  oc- 
cur to  the  attentive  student  of  these  successive  faunie,  .\  cup  coral, 
l.oplioijhyllum  s])?     |  Sec  I'late  .Mil.  Fig.  17).  also  occurs  rarely. 
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the  opposite  side  at  an  acute  angle,  the  resulting  surface  being  slightly 
concave. 

Our  specimens  are  fragments  which  do  not  furnish  material  for 
careful  description.  The  symmetrical  relation  of  the  two  sides  indi- 
cates a  cephalopod  in  spite  of  the  apparent  absence  of  septa.  The 
siphuncle  seems  to  be  central.  The  greatest  diameter  was  not  less 
than  75  mm;  dorso-ventral  diameter  of  volution  near  end,  15  mm  ; 
lateral  di  imeter  of  volution,  6  mm  ;  the  width  of  the  plane  dorsal 
margin  is  3  mm  N.  pauper,  Whitfield  may  prove  identical  with  our 
form,  but  it  would  not  be  suspected  except  from  incidental  similarities 
and  the  fact  that  our  form  is  derived  from  ihe  same  horizon  at  Ful- 
tonham. 

West  of  Fultonham,  two  or  three  miles,  are  exposures  which  per- 
mit the  reconstruction  of  the  following  section : 

Coal  measure  samUlone  (exposed) . 10  ft. 

liituminous  sliale 3^j  ft. 

Limestone .     iS  in. 

Shrile  (many  fossils) .   2^^  ft. 

Sandy  layer 5-f>  ft. 

Firm  limestone 6-ioft. 

Shale 3-6  ft. 

Reddish  ami  grey  silicious  shale  anil  free-stone — Waver- 

ly  (exposed) .    10  ft. 

The  section  not  being  continuous  may  not  be  very  accurate,  but 
expresses  the  approximate  relations.  No  inconformity  could  be  de- 
tected between  the  shales  forming  here  the  base  of  the  coal-measures 
and  the  reddish  layers,  which  are  undoubtedly  Waverly  and  contain 
Choneies  illinoisensis  and  other  characteristic  fossils. 

1  he  Waverly  layers  for  some  distance  below  the  coal-measures 
are,  except  in  a  band  about  4  feet  from  the  top,  apparently  unfossilif- 
erous.  About  two  and  one  half  miles  east  of  Rushville  is  exposed 
about  20  feet  of  Waverly,  which  lies  about  70  feet  below  the  top  of 
the  Chester  ( Maxville)  and  hence,  if  that  series  has  there  its  maximum 
development,  some  50-60  feet  below  its  base.  This  exposure  is  inter- 
esting on  account  of  the  presence  in  it  of  a  Trilobite  {Phillipsia  mera- 
mecensis)  not  found  in   the  lower  beds  of  the  Waverly  and  having  a 
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cided  carbrniifcrijui  lialiitus.       Al   RusviUe  the  following  section  is 
exposed  : 

S|)iri(t[  Mrialirormil loii  fi.  above  cotigl.  I[. 

Slinlei  .iiiH  ihin  bands  of  Ireesione ,?•>''- 

<I'lcciiot..iniiria.  etc.) 

N'MulcB  of  lime  (fnssiHfrTousi' _  1^5  li.  tlmvc  cangl.  II. 

Shnle^. 

Fter^lnnt,  40  Teel  above  coni;!.  11.   Xiu- 

tilui  4p ,  llemipronitcK,   rroductus 

ircunliKi,    elf .._ abnm  lo  ft. 

Shatci. ---   >binH  30  fi. 

croii|{loitivrai(  anil  hanilf  trr»ttaar.^..  5  ft. 

•■  Conglomeraiv   II  "  furtni  Ihe   lms»l,  iS  inchm  or  «o,  and  here  u  nut  'efi 

Sh«tf,  Yfilh  Allorismn  WLndiclH,  VrolUyTh  mwikr,  Sanguinolites  obliiiuai, 
GfamiRyitt  venlticosa.  nml  Pholaik-lla  iiewbcrrji. 

This  last  is  the  lowest  hori/on  seen  in  this  part  of  the  state  and  cnr- 
e3])onds  to  the  shales  overlying  the  rrcextone  in   Licking  cnunty. 

The  fauna  foLind  at  llie  highest  homon  of  Waverly  in  T.icking  coimty. 
h  here  encoiinlcrcil  ln-Tt  near  the  to]i  and  the  variolic  species  can  be  nl- 
luiied   to  rlii-ir  [Kisiiion  in    thi;  scries  wirh    unexperted   ease  and  ctr- 

Thi- lullc  cNMirslnii  iluis  n.adf  inlo  Mu-^kin-um  and  Perry  coii.i 
tiL'>  enalilo^  lis  In  ,„.npk-le  ihL- scries  in  its  normal  tondition,  Hov.- 
eVL-r,  ilie  muinjni  ut  liirn  our  aiieniion  to  ouralloiled  task  in  Liikiiif; 
iiHiiity,  UL-  dis<over  thai  ihe  M-rio>  is  imperfect  at  one  poini.  WhiL- 
uinloriiiii\  LvlHccn  llic  upper  Waveriy  and  lower  Cliester  d..fs  nui 
exchule  ll'ie  i.lu.i  of  a  .  <.n,idiT,il.lc  inlcrval  of  time  henvcen  ilie  fus^l- 
ifLTCHjs  h,ni,K  ot"  tlu'  iMo  -rriLjps.  ii  is  apparent  that  in  Licking;  couniy 
the  ClK-Mi-r  HUL-ri,.l  is  iinr.i,r.->Lnt<r.l  and  that  much  ..f  the  u|iper  Wa- 
verly is  gc-iuT.iiiy  alisfiii.  1 1  iii.it  the  while  sandstone  or  conjjlom  .Talc 
of  die  riKLl-iiuasure-  lies  nnrunformalily  (in  one  or  other  of  the  Waverly 
beds  anil  the  upper  -iirfL.x-  of  the  W.iverly  ilself  has  obviously  suffered 
ernsion.      The  amount  ofihe  erosion  varied  in  different  places  and  where 

vvilhioal  measure  trees  i)flar^esi;;e.  The  siij;gest  ion  of  extensive  erosion 
been  hereinlore  mule,  lull  absnlute  |>rooriias  been  wanting.      It  is  has 

amount   nf  lo-s  thu-.  incurred.      It   has  been  tpiite  generally   supposed 
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that  an  elevation  of  the  coast  at  the  close  of  the  Waverly  period 
caused  the  recession  of  the  water,  and  that  the  period  occupied  at  the 
west  by  the  deposition  of  some  550  feet  of  sediments  was  not  a  time 
of  rock  formation  in  central  Ohio.  The  results  of  close  study  of  the 
lowest  coal-measure  conglomerate  has  unexpectedly  indicated  the  con- 
trary. While  engaged  in  collecting  samples  of  the  quartz  pebbles 
forming  the  bulk  of  this  conglomerate  eight  miles  northeast  of  Newark, 
a  large  number  of  fragments  of  limestone  were  also  broken  out.* 
These  are  angular  and,  though  very  badly  decomposed,  show  that  they 
could  not  have  been  derived  from  a  distance,  as  the  quartz  must  have 
been  in  order  to  free  itself  so  fully  of  the  softer,  including  country  rock, 
and  acquire  its  rounded  form,  and,  moreover,  they  contained  a  few  fos- 
sils which  can  only  be  referred  to  the  age  of  the  Chester  or  St.  Louis 
Group.  These  conglomerates  are  full  of  the  impressions  of  Lepidoden- 
-drids  andCalamites  and  seem  to  have  been  torn  from  their  places  by  tor- 
rents which  carried  from  the  mountains  to  the  north  their  freight  of 
•coarser  and  finer  material,  much  of  it  being  of  a  metamorphic  and  ig- 
neous nature.  The  Chester  limestone  must  at  that  time  have  been 
more  or  less  firmly  consolidated,  perhaps  in  the  form  of  clods  of  limy 
clay,  and  has  preserved  identifiable  remains  to  tell  the  story.  Thus 
the  same  coarse  conglomerate  lelis  us  that  a  mighty  river  flowed  into 
the  coal-measure  ocean  from  a  region  to  the  north,  exposing  igneous 
and  metamorphic  (partly  granitic)  rock,  that  it  flowed  through  a  region 
covered  by  deposits  of  .St.  Louis  or  Chester  age,  thus  showing  that  a 
large  series  supposed  to  be  absent  in  this  part  of  the  state  was  simply 
obliterated  by  erosion.  Such  a  chain  of  argument  indicates  what  pos- 
sibilities are  open  to  a  more  careful  study  of  limited  areas.  The  fos- 
sils referred  to  are  figured  beyond,  in  connection  with  those  of  the 
Chester  further  south. 

We  now  pass  to  the  W'averly  proper.  This  may  be  divided  into 
three  well-marked  groups  which  present  us  with  a  carboniferous,  a 
Waverly,  and  a  Devonian  facies  respectively.  The  lower  division 
ought  probably  to  be  referred  uncompromisingly  to  the  Devonian,  the 
second,  less  obviously  Devonian,  still  contains  a  fair  proportion  of 
< Chemung  fossils,  while  the  upper  series  can  be  unhesitatingly  called 
sub-carboniferous.     These  zones  are  marked  off,  as  already  hinted,  by 


*The  Ohio  geologists  have  observed  the  same  fact  in  other  parts  of  the  state, 
but  a  difTerent  interpretation  has  been  offered. 


two  Innds  of  congibmcrue,  which  iadtidc  bdwcen  them  the  middle 
member  or  Wiierly  proper. 

The  u[^r  Waverty,  with  its  10^^150  feci,  has  lieen  raihcc  less 
sindted  than  either  of  the  other  divisions.  Near  ihc  top  it  is  charac- 
terized by  Pn4u<ttit  sfmirftkaiatut^  Sfin/tr  iiraliformii.  PhilUpiia  me 
ramaensis,  JVauiHui  tp,  Crrmpfntt,  sp.  n.  HemifroniUs  is  also  very 
abundant. 

The  upper  conglomerate,  or  congl  H,  is  iise'f  often  fostiliferous 
with  the  species  characteriitic  of  the  shale  below  and  cs|iecially  .^ii-- 
/er  ttfiiuMii  AUontma  miuhelli.  A-  rentricosa,  Sangvinflstts  oiliquvs, 
Ptvlhyms  metkt,  EdmiiiUia,  etc.,  sre  the  ilelermi native  forms  for  the 
shale.  'Ihc  frcc-nionc  which  l>c«  below  ihin  shale  is  full  of  fossils. 
^rifrr  tarttri,  Crtniptfttn  wimhtUi,  PhtUipiia  ihumarii,  JihynehentUa 
toof<ri  and  R.  toittmfta  are  characteristic  of  this  zone.  After  an  iii- 
tcrval  of  «halc,  soiueiimes  wiih  AUomma  n-ia<hrUi,  but  generally  lar- 
tcn.  wc  reach  congi  11,  which  varies  from  a  narrow  belt  of  undy  free- 
stone 10  10  feet  of  coarse  sand  and  conglomerate.  A  few  feet  below 
this  Is  one  \A  the  most  characteristic  layers  of  the  whole  formation. 
abouDding  in  Piilavtuilo  conctitlrUa.  and  P.  atUnuala,  Sanptinelilts 
vnioniformis,  Strtbloplrria  media.  BeUercphon  lincatus.  B.  galeriddalui, 
eti:.,  dr.  The  same  fauna  may  be  found  for  30  feet  below,  but  40-50 
fei-t  bflii«  is  a  /.mt-  uiili  (|uii.-  a  difTtriTii  h.ihiiiis.  nmi:iiiim<,'  R\mh<'- 
luUa    uippho.   Lcu'pUria  ,"Mii.   Cr^nipecltn  tamiJiis. 

Nf:ir  ilu'  >,nnc    linri/on.  i>ruli;il>ly    below    it,  Init  exiioseci    liirlher 


-V-'- 


of  ,■ 


iiilcr.il>li 


ew.irk.  correcting  the 
i-lomernte  I  being  tl;e  most 
t-  lo])  (if  lhi^-    SlrJlum.   which 

to  the  boil.iiiig^  of  Denison 
'  1;..  for  385  miles,  this  con- 

lo  the  somb  \ew:irk  qii.irry. 
i|.  is4.S.74ft,  \  portion  of 
e  in.Te:ise,l  thickness  of  the 
Inence  of  the  Clay  Lick  ,inh 
report  the  mistake  uas  matle 


nl  fr. 
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of  paralellizing  the  conglomerate  I.  at  the  Dug-way,  (or  the  first  of  the 
above  mentioned  stations)  with  the  second  conglomerate  at  the  south 
Newark  quarry,  thus  making  the  combined  Waverly  section  too  small 
by  39  feet.  In  like  manner  a  level  (barometric)  between  Granville 
and  Cat  run,  a  distance  nearly  due  north  of  5^  miles,  reveals  a  dip 
to  the  south  along  congl.  I. -of  79  feet,  or  over  14  feet  per  mile.  The 
section  at  this  place  is 

4.  Freestone  and  part  of  shale  below  congl.  I. 35  ft. 

3.  Shales  and  freestone 29  ft. 

2.  Congl.  I,  coarse  pebbles,  loose __i6in, 

I.  Shales  with   Palaeoneilo  attenuata.. 14  ft. 

The  relations  are  almost  precisely  as  at  the  Dug-way.  Passing 
southwest  from  Granville,  a  distance  of  three  miles,  at  Cheney's  run, 
we  find,  at  the  bottom,  a  fo.ssiliferous  band  marking  the  horizon  40  ft.  be- 
low conglomerate  I.  This  is  about  30  feet  higher  than  at  (iranville,  a  dip 
of  only  10  feet  per  mile.  Now  passing  due  west  to  a  point  4}4  miles 
west  of  Granville,  the  bridge  over  Moot's  run  is  reached.  At  this 
place  a  fossiliferous  layer  of  shale  is  found  36  feet  higher  than  the  last 
mentioned,  which  would  permit  this  horizon  to  be  identified  with  the 
40  ft.  layer  above  mentioned  assuming  a  dip  of  12  feet  |)er  mile  to  the 
east.  There  are,  however,  at  this  place  indications  of  a  local  increase 
in  dip,  and  this  layer  contains  Spirifcr  marionensis  and  few  fossils  iden- 
tified in  the  40  ft.  layer  farther  east,  while  20  feet  above  are  layers 
with  the  lithological  character  of  that  horizon  (unfortunately  un fossil- 
iferous. )  At  the  foot  of  this  exposure,  20  feet  below  the  Sp.  marion- 
ensis layer,  are  found  specimens  of  Chonetes  logani  2iX\di  Rhynchonella 
sappho.  Passing  one  mile  west,  a  very  interesting  bed  of  shale  with 
limestone  nodules  is  exposed.  This  bed  is  very  fossiliferous  and  is  the 
lowest  richly  fo.ssiliferous  bed  known  in  the  Waverly.  This  is  thirty 
feet  above  the  Spirifer  marionensis  layer  and,  allowing  a  dip  of  15 
feet  to  the  mile,  would  still  lie  at  least  15  feet  above  that  horizon  strat- 
igraphically.  It  probably  is  upon  nearly  the  same  horizon.  Contin- 
uing west  twelve  miles  to  Rocky  fork,  a  series  of  gritty  flags  and  shales 
is  reached  about  15  feet  higher  than  at  the  Sp.  mario*  ensis  layer  at 
Moot's  run,  by  barometer;  thus,  allowinga  dip  of  14  feet  per  mile,  we 
reach  a  horizon  about  1 70  feet  below  that  layer.  At  a  point  three  or  four 
miles  farther  west  and  south,  not  far  from  Gahanna,  these  gritty  lay 
ers  are  quarried  and  are  interspersed  with  layers  of  bituminous  shale 
like  the  Ohio  black  shale.     A  point  quite  near  the  foot  of  the  Waver- 


If  b  ken:  re:itheil  i  jo  feel  below  ihe  lasl  meniioned  zone.  A^  ilie 
■ewtbern  riemrnt  in  the  dip  is  here  quite  appreciable,  ii  nouldbt  m 
^ple  allawantc  to  estimale  this  horijon  at  150  feet  below  ihe  I2SI 
umcd.  Of  3*0  feet  b;[ow  th;  lowest  fujiitiferous  *one  of  the  Wivdy. 
NcvSammit  on  Ihe  Ralttmore  and  Ohio  R.  K.,  we  find  thefcHow- 
»(  section: 


»ick  "Ohio.-  ih*kr.. 


„-      30  fi. 

Thfr  cnttf?  uttfossUiferotis  pan  of  the  Waverly  may  therefore  be 
I  mnflutvd  at  lea-  than  350  feet,  and  the  Waverly  series  in  Licking  Co. 
.  ai  fes  ihan  570  fret.     tVabably  550  feet  would  abniit  cover  it. 

A  geoeraliicd  section  of  the  U'lvcrlyin  Licking  Co.  is  as  follo«: 
Carlninilcroim  roni;lonwnt< 

14  I'ppri  WiLVEil|.  khalo  •ml  flap  with  few  Tos- 
■II>,  I'hlllipiia  mei—uiwit^  hcduciiH  area- 
:ilii-,    IVii.l.    ■^mircticulaius,    .Aviculopeeten  sp.. 


i 


-.l,.«|...-....i  nl   1 

.M  Hill  iiid  1  m 

enori 

of  Ne«a 

,      Mill. -,  v.ll. 

^uiii  ro»  M11.1II  (0 

>ik.. 

■  II.  S|.irifer  Win 

cMli 

>)..il.',    •■  W 

,-i.„i.  I.ivor.-   S, 

r«ph. 

or.       . 

-^liil,-     1. 

■ 

.Ml  huliTiv  Kmj^l.  1.  i^  spoken  o(  a^  .livi^ion  I,  la  heing  ihat  portion  of  thU 
iiivi-;i.>.i  ov,.r4<,rc<.-i  bilinv  lliis/.inc,  111  Ihe  upper  40  feet.  Division  11  inciu<l« 
nil  Ik'Iwufii  ciMiel.  I    aiul  H,  and  division  III,  the  remainder. 


^ 
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In  our  study  all  collections  made  before  the  discrimination  of  ■ 
these  various  horizons  were  abandoned  and  the  whole  recollected,  la- 
beling each  fossil  with  its  relative  position  with  reference  to  the  base 
line.  The  typical  exposure  of  the  county  is  that  formed  by  the  ero- 
sion of  Raccoon  creek,  near  what  is  known  as  ihe  **  Dug- way,"  be- 
tween Granville  and  Newark.  It  is  supplemented  by  that  one  mile 
south  of  Newark  and  one  mile  north  of  the  same  place.  Exposures 
six  miles  further  east  corroborate  the  observed  sequence.  The  lower 
layers  can  be  best  studied  at  Moot's  run,  four  miles  west  of  Granville. 

The  most  significant  determinative  fossils  are  Allorisma  winchelli, 
of  the  shale  below  congl.  II;  Spirifer  winchelli,  of  congl.  II ;  Spirifer 
cu.spidatus,  of  division  II;  Palaeoneilo  attenuata,  of  shales  below  congl. 
I ;  Leiopteria  ortoni  of  the  40  ft.  layer  below  :  Spirifer  marionensis, 
of  still  lower  horizons.  The  discussion  of  the  stratigraphical  relations 
of  the  various  species  is  omitted  and  the  reader  is  referred  to  the  dis- 
tributional table  at  the  close. 

Outside  of  Licking  county  considerable  work  has  been  done  which 
is  here  only  so  far  employed  as  to  verify  the  observed  relations.  It  is 
reserved  for  another  occasion  when  a  wider  range  of  comparison  may 
be  admissible. 

LIST  OF  FOSSILS  FROM  LICKING  COUNTY,  OHIO. 

This  list  has  been  compiled  under  almost  disheartening  difficulties 
and  is  merely  a,  preliminary  contribution  to  the  fauna  of  the  group. 
Certain  subkingdoms  have  not  been  studied  at  all  and  as  the  plates 
were  engraved  prior  to  the  elaboration  of  some  families  typical  forms 
have  not  always  been  figured.  The  collection  of  addition  1I  specimens 
may  affect  determinations  here  made,  but  it  is  not  believed  that  further 
study  will  materially  alter  the  relative  value  of  the  chronological  evi- 
dence.  I  wish  here  to  express  obligations  to  Prof  Alexander  Win- 
chell,  the  renowned  geologist  of  Michigan,  for  indispensible  assistance. 
A  small  suite  of  specimens  and  part  of  the  plates  were  placed  in  his 
hands,  which  he  kindly  examined  and  reported  upon,  thus  preventing 
serious  mistakes.  However,  it  is  but  just  to  say  that  the  nature  of  the 
material  sent  was  such  that,  even  where  his  views  are  quoted,  it  would 
be  unfair  to  implicate  him  in  the  mistakes  contained  in  this  paper  for 
which  tne  writer  assumes  full  responsility,  at  the  same  time  acknowl- 
edging himself  indebted  very  largely  for   whatever  value  the   paper 
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any  have  to  the  dMinterested  generosity  of  his  distinguished  friend. 
Eqii^tlly  iitdispensible  ha«  be«n  the  work  uf  friendlv  coUeciors,  Mr. 
W.  F.  Coop<T  having  assisted  most  Inrgcly.  while  Messrs.  C.  J.  Her- 
fick,  Ira  Crawfoni,  E.  S,  Cbrke.  J.  t~  Deming,  and  many  other  stu- 
dents and  friends  have  siniiUrly  assisted. 

The  tabular  review  is  ititended  to  exhibit  at  a  glance  the  general 
snatigraphical  conditions  as  well  as  certain  comparisons  bearing  on  iht 
age  of  the  grouji.      It  will  be  constantly  remembered  that  only  a  pri 
^^p      ot  the  species  Lollecied  arc  descrtt>ed  in  this  number. 

^^H  I.   signifies  all  beluw  conglomerate  1.  as  seen  at  the  foot  of  ihe 

^^^■^•outh  Newark  quarries  ;  It.  is  ih:it»ection  including  the  Ireesionc  ai 
^^^^KNewarlc  and  ending  with  conglomerate  II,  <;o  feel  ab'>ve  the  ba^e  <>( 
^^^Hrfte  (tuarrie*  at  Newark  ;  111.  it  ihc  icmiinder  uf  the  s  ries  including 
^^^Vduilcs  ami  fl  -g^  M  the  base  of  the  Chester  or  cn;i  I -measure  congloin- 
^^^V.traic  as  ihe  r^tic  may  be.  ^^M 


Phiiiip^u 

( 

i'L.te  .\J.  Fig.  .V  ) 

i,id.„,„ ,,,... 

II  iu-,ir  tlK'io|)  ol'ihe  W'yverly  e.ist  of  Riish- 

\>n-.uUTal.h 

«  JiIlt  [li.iii    lung,    pnr.ibolic    in    oiuiinc. 
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Phillipsia  ahximardi.  Herrick. 
(Plate  II,  Fig.  22.) 

Proetus  missouriensis,  Shumard.     Geol.  Missouri. 

Abundant  in  the  freestone  of  middle  Waverly.  See  Bui.  Den. 
Univ.  Vol.  II,  Part  I,  page  69. 

Phillipsia  praecursor,  sp.  n. 
(Plate  XII,  Fig.  I.) 

Closely  related  with  P.  shumardi,  Her. 

Head  shield  parabolic  in  outline,  axial  portion  very  high,  rapidly 
curved,  highest  portion  near  the  centre  of  the  glabella.  Glabella 
nearly  twice  as  long  as  wide,  anteriorly  forming  a  high,  rounded,  fine- 
ly striate  ridge,  separated  Jrom  the  axial  elevated  portion  by  a  deep 
but  narrow  sulcus;  posiero-lateral  lobes  small,  oblique,  well  defined 
by  the  arched  grooves  which  reach  the  cervical  groove  or  nearly  so, 
and  separated  from  each  other  by  an  interval  equal  to  their  own  width; 
there  is  but  a  single  pair  of  secondary  on  lateral  lobes  with  a  pretty 
well  defined  sulcus  lying  well  back  of  the  centre  ;  palbebral  lobes 
large,  quadrate ;  cervical  suture  deep  and  wide,  cervical  segment 
rather  large.  The  cheeks  are  bordered  by  a  triangularly  elevated  mar- 
gin and  a  rather  deep  groove  and  project  backward  into  short,  acute 
spines.  None  of  our  specimens  show  the  fixed  cheeks  and  the  figure 
of  the  head  is  imperfect  in  this  respect,  but  bears  a  strong  resemblance 
to  P.  gemmulifera.  Pigidium  nearly  semicular,  moderately  elevated, 
about  1^2  times  as  wide  as  long,  the  axial  portion  is  high,  tumidly 
conical,  and  obtuse,  marginal  sulci  rather  deep  ;  axis  composed  of  nine 
(ten)  segments  separated  by  deep  grooves,  pleural  portions  rather  reg- 
ularly convex,  with  about  seven  apparent  ribs  which  are  elevated  and 
pustulose  dorsally  and  bifurcate  near  the  margin ;  margin  convex,  sep- 
arated by  a  shallow  groove.  All  of  the  annuli  as  well  as  the  median 
parts  of  the  gebella,  are  covered  with  well  defined  pustules.  Length 
of  glabella  14  mm  ;  width  7  mm.  or  more ;  length  of  pigidium  1 1  mm; 
width  17  mm. 

This  form  is  obviously  very  nearly  allied  to  P.  elliptica  from  the 


L  Ae  sppCT^  convex. 
CaoCas  ^Mrafea  ocpAv  i*  ^k  ai4  fmm.  man  or  Ins  anguUt, 
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Crania  hamiltoniae,  H.  (?) 
(Plate  XII,  Fig.  lo. ) 

This  little  species  is  found  adhering  to  mollusks  and  brachiopod 
shells  and  is  largely  modified  by  the  ornamentation  of  its  host.  Our 
specimen  agrees  as  fully  as  might  be  expected  with  the  smaller  varie- 
ties of  the  species  quoted. 

Broadly  oval  or  sub-circular  ;  dorsal  valve  sub-conical ;  apex  sub- 
central  or  excentric,  pointed,  surface  marked  by  very  fine  (scarcely 
lamellose)  striae.  Lower  valve  not  seen.  Concretionary  layers  at 
Moot's  run — lowest  fossih'ferous  horizon. 

This  species,  whether  specifically  identical  with  C.  hamiltoniaj  or 
not,  has  a  decided  Devonian  aspect. 

Produ^tus  J^ehrascensis,  (?) 
(Plates  I,  Fig.  24  ;  III,  23(?)  23a.) 

Specimens  having  the  characters  of  this  species  are  widely  distrib- 
uted. Though  never  attaining  a  very  large  size  there  is  a  considera- 
ble range  of  variation  in  this  respect  as  well  as  in  outline  and  form. 
The  rather  regular  and  prominent  pustules  are  sufficiently  characteris- 
tic. The  species  is  known  from  the  horizon  of  congl.  I,  to  the  top,  but 
may  descend  lower. 

Product  us  snnireticulaiuit. 
(Plates  I,  Fig.  26;  III,  24;  VII,  Fig.  11;  X,  6,  6a.) 

This  widely  distributed  species  is  especially  characteristic  of  the 
uppermost  Waverly,  as  found  at  the  tank  north  of  Newark  and  in  the 
freestone.  The  species  attains  a  large  size  and  may  be  recognized  by 
the  great  prominence  of  the  ventral  valve  near  the  strongly  incurved 
beak. 

Product  us  urcuatus,  ll''»ll- 

(Plate  III,  Fig.  18.) 

Prof.  Hall's  description  runs  as  follows  : 

*' Ventral  valve  much  elevated,  longer  than  wide,  very  gibbous, 


exircmely  arciiaie.  the  Ifcak  recurved  upon  itself  so  that  the  hinge  line 
is  nearly  opposite  the  centre  of  the  back  of  ihe  shell ;  hinge  line  shorter 
than  the  width  of  the  shell ;  cardinal  extremities  produced  mio  smill 
angular  ears.  Surface  marked  by  strong  radiating  casiie.  which  l>ifur- 
cale  upon  the  umbo  and  below,  and  sontetimes  coalesce  toward  ihe 
base  of  the  shell  ;  entire  surface  covered  by  fine  undulating  concenlde 
stria,  and,  in  the  upper  part,  a  few  strong  wrinkles,  which  are  con 
spicuous  on  the  ears  and  umbo.  A  few  marks  of  the  bases  of  spines 
are  noticed,  but  they  appear  to  have  been  irregularly  distributed," 

This  species  is  P.  tiemireticuUlus  in  minialure.  Our  specimens 
differ  from  Hall's  figures  chiefly  in  the  greater  irregularity  of  the  stri*, 
in  this  respect,  however,  agreeing  with  his  description. 

Length  17  mm;  width  about  15  mm;  hinge  14mm.  Nearcongl. 
JI,  Granville  and  Newark. 


Priiihioliia  fl^min^i,  var.  btirHngtoncn/tU.  i' 
{Plait  in,  Fig,  Jo[and«?]) 
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Produetus  tL-lorasus.  Win.,  is  apparently  a  synonym  for  P.truncahis, 
H.,  and  has  not  yet  been  certainly  identified  within  our  fimils. 

Typical  ventral  valves  of  P.  shumardianus  are  frequent  in  the 
sandy  parts  of  conglomerate  I,  though  never  found  much  above  this 
horizon.  A  dorsal  valve  apparently  of  this  species  was  found  in  the 
nodules  at  the  foot  of  the  exposirre  at  Moot's  run,  at  least  50  feet  be- 
low the  horizon  of  conglomerate  1.     I  quote  Hall's  description. 

"Shell  concavo-convex,  sub-hemispherical,  wider  than  long; 
hinge-line  nearly  or  quite  equalling  and  sometimes  greater  than  the 
shell  below.  Ventral  valve  very  convex,  gibbous  in  the  middle  and 
on  the  umbo,  which  is  abruptly  narrowed  toward  ihe  beak,  and  the 
apex  ciiri'ed  over  the  hinge  line;  the  sides  abruptly  depressed  toward 
the  cardinal  extremities,  which  are  flattened  and  more  or  less  auricu- 
late.  In  one  specimen  observed,  the  apex  is  minutely  truncate,  and 
(here  is  a  barely  perceptible  line  at  the  junction  of  the  two  valves, 
which  indicate  an  area.  Dorsal  valve  concave,  often  corresponding 
essentially  with  the  ventral  valve,  but  sometimes  nearly  flat  in  the  up- 
per and  central  portions  and  abruptly  deflected  toward  the  margin. 
Surface  of  the  ventral  valve  marked  by  intermittent  radiating  ridges, 
gradually  rising  from  the  surface  and  terminating  below  in  elongate 
spines ;  while  upon  the  upper  part  of  the  shell,  about  the  umbo,  there 
are  scarcely  perceptible  elevations  of  the  surface  above  the  base  of  the 
spines.  *  *  *  The  entire  surface  is  marked  by  close  concentric 
undulating  slriEe." 

The  cardinal  process  of  the  dorsal  valve  is  bifurcate.  Figs.  6,  6a, 
6b  and  11,  of  Plate  XII,  illustrate  various  conditions  of  this  species, 
Fig.  6  especially  resembling  P.  spinulicostatus. 


^ 


IProductus  conccntrieus.  ■'  1 

(Plate  VI,    Fig.  16.) 
{=  P.  shumardiana,  H.  ?) 


The  identification  of  this  dorsal  valve  was  suggested  by  Prof-  A. 
Winchell,  but  it  is  made  with  some  hesitation,  as  the  specimen  was 
found  associated  with  P.  shumardianus  as  above  indicated.  In  mark- 
in|s,  both  concentric  and  pustulose.  the  valve  agrees  better  with  that 
species  from  which   it  seems  to  differ  somewhat  in  form.     Nodules, 

of  exposure  at  Moot's  run. 


34  DULLETIS    OF    THF    LABORATORIES 

Productiix  ( Product flla)  laehrymoaiba.   var.   atigmariiis.  " 
(Plate  III.  Kig.  j8.) 

(Cf.  P.  curtirosira.  Win.) 


A  few  specimens,  muslly  poorly  preserved,  from  the  nodules  at 
Moot's  ni.i,  represent  this  or  a  closely  allied  species.  The  spedmen 
figured  shows  only  the  cast  of  the  dorsal  valve.  The  fine,  wavy  con- 
centric strite  and  interrupted  radiating  ridges,  atid  slight  m^ial  sinm 
can  all  be  duplicated  in  New  York  specimens. 

A  large  vcmral  valve  measures  40  mm,  in  width,  30  mm.  in  height. 
and  aliout  iS  mm.  in  convexity  of  v.ilve.  Inhere  is  a  faint  but  otivi- 
ous  sinus  and  ihc  surface  is  marked  by  nearly  obsolete  coarse  ribs,  as 
well  as  the  fine,  irregular  concentric  strice.  Prof.  Hall  suspected  that 
this  large  form  would  prove  distinct  from  P.  lachrymosus.  in  which 
we  concur. 


Proditfitrts  ( Productefla)  speciosus.  "•  ') 

nens  more  nearly  agreeing  with  the  Chemung  species  tli.in 
wliich  it  is  assdiialed,  have  been  seiured.  These  speii- 
!i.iriiiieri/i.'cl  liy  mmit-roiis,  rather  regularly  arranged,  snnll 
ivcrinL;  \W  I'liiiri'  surfai  e.      Moot's  run,  calcareous  nodules. 


J'ra.liir/'is  ^nicilis,   \Viii. 
(I'lalu   \"ll,    iMg.    -^o.)      No.   1347. 
I  <k'Siri|.lioii  rt.uhas  follows; 


than  a  simi.ircle.  \-.-nl 
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external  surface  marked 
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c  of  the  ventral  valve  forming  a   lilllc  mort 

I  valvt-  uioderalely  inflated  for  a  I'roductui, 

lesial    ^ilnls   wanting  or  l>arely  perceptibk': 
y  fme.  rigid,  sbar|).  once  dicbotoini/ing  r.i- 

II  40.       No  indications  of  spines  have  been 
ge-liue  .29  in,,  length  from  beak  to  anterior 


Our  form  is  nearly  as   large  again  and  has  the  hinge  line  shorter 


^ 
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than  the  length  of  the  valve,  nevertheless  we  dislike  to  attempt  to  dis- 
tinguish it  from  a  species  confessedly  founded  on  a  single  imperfect 
ventral  valve.  Our  specimen,  however,  has  no  spines  and  a  com- 
pound dischotomy  of  the  striae.  Sandy  layers  of  congl.  I,  **  Dug- 
way,"  near  Granville. . 


Chonetes  logani.  Nor.  and  Pratt. 
Plate  VII,  Fig.  22;  Plate  III,  Fig.  12?) 

In  Y\g.  22,  Plate  VII,  the  radiating  costae  are  not  distinct  enough, 
while  the  specimen  figured  on  Plate  III  may  prove  to  be  C.  multicos- 
ta,  Win.  C.  logani  seems  to  be  distributed  throughout  the  series  up  to 
congl.  II,  at  least. 

The  confusion  introduced  into  this  genus  by  identifying  this  spe- 
cies with  C.  illinoisensis,  has  been  corrected  by  Prof.  VVinchell. 


Chonetes  illinoisensis,  Worthen. 
(Plate  III,  Fig  21.) 

Rather  large  for  the  genus,  transversely  semioval ;  moderately 
convex  ventrally ;  length  between  two-thirds  and  three-fourths  the 
width  ;  hinge  lin?  nearly  etjnal  to  greatest  width,  with  five  or  six  small 
oblique  spines  on  either  side  of  the  inconspicuous  beak  ;  ears  some- 
what flattened;  nearly  rectangular;  front  margin  a  broad  curve;  sur- 
face of  ventral  valve  rather  evenly  convex,  highest  near  the  middle, 
casts  showing  a  strong  mesial  septum;  c'orsal  valve  gently  concave, 
with  distinct  cardinal  'eet  .  Surface  ornamented  with  about  100  bi- 
furcating, thread-like  .strije.  Length  7  mm  ;  width  1 1  mm.  Our  speci- 
mens rarely  attain  the  size  of  the  western  ones,  though  often  much 
larger  than  the  above  measurements. 

Found  in  the  sandy  rock  above  congl.  I;  also  forty  feet  or  more 
below  this  horizon  at  Moot's  run.  The  spines  of  this  species  are  much 
more  slender  and  curved  than  in  S.  scitula. 
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Chonetes  seitula.  Haii. 

(Plate  I.  Fig.  4-)     No.  1397- 

I  Shell  small,  semi-ova],  hinge-line  about  equal  to  greatest  width, 

tumid  along  the  medial  line.  Ventral  valve,  moderately  convex  along 
a  line  from  ibe  beak  to  the  front  margin,  about  one-third  the  eoiiie 
width,  thus  elevated  near  the  front,  lateral  margins  depressed;  beak 
slightly  prominent,  hinge-line  somewhat  angled,  armed  at  either  ci- 
tremily  with  at  least  two  spines.  Surface  marked  by  fine  but  raihct 
prominent,  distant  strife  which  do  not  bifurcate,  sometimes  somewhat 
alternate.  Width  about  8  mm,  height  5  mm.  Dorsal  valve  nearif 
plane.     Near  the  base  of  the  series  at  Moot's  run,  probably  go-60  feet 


bclof 


.  I. 


Our  specimens  agree  even  to  details  of  hinge  structure  with 
those  of  New  Vork.     The  spines  are  strong  and  obliiiue- 

Anoiher  form  found  near  congl.  II,  or  about  80  feet  above  the 
present  species,  resembles  this  in  form,  but  has  more  numerous  bifur- 
cating slritc.  This  we  compared  with  C.  setigera,  H.,  but  though 
closely  agreeing  otherwise,  our  species  has  oblique  .spines  on  tlie  hiiiyc. 


fhnvrle^  finnidus.  '■v-  "■ 
{Plate  II,  Hg.  21.) 

Shell  nf  medium  si/l-.  closely  resembling  C.  aciitir.idiata  of  the 
Cornifcrou-^  Livoup  of  New  Vork. 

Venir.il  valve  very  convex  (as  much  so  as  C.  hcmispherica  of  the 
Upper  Hel.Ierbern).  hinge  extended,  with  mucronai»  extremiiits 
striiiiihi.  apparently  with  few  obliipie  spines;  body  of  the  shell  ne.irly 
semi  r  ircul.ir.  forming  nc.irly  a  segment  of  a  sphere,  being  siiddenl)f 
dc])re>i>ied  10  the  fi.it  ears,  which  are  acutely  triangular.  Umbo  some- 
what prouiinent.  Surfiie  marked  by  numerous  (50),  regular,  nearly 
continuous,  rounded  striic,  which  rarely  liifurcaie.  K\folIaled  sptci- 
men^  siimv  numerous  oval  jwres  between  ihe  striic.  Dorsal  valve  mil 
known.  This  very  prelty  species  is  fouixl  in  the  irregular  calcareous 
nodule-  at  base  of  the  se.ti.in  at  Moot's  run  and  adds  a  significant 
l)ev.>ni:iii  .  ol.ir  In  ilic  f^uics.  The  rcscinblince  to  C.  hemisjiherica  i^ 
dose,  but  ihr  outline  i.  as  in  C  .icutlradl.U.i,   H. 

Width  12  mm.  height  7  mm. 
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Chonetes  pulcJiella,  Win. 
(Plate  III,  Fig.  14.) 

"Shell  small,  semi-circular ;  hinge  almost  equalling  the  greatest 
width,  rectangular  at  the  extremeties,  furnished  with  two  or  three  stout 
hollow  spines  on  each  side  of  the  beak,  one  projecting  from  the  hinge 
extremity,  and  diverging  at  an  angle  of  about  22°  with  the  hinge-line 
— the  second  half  way  to  the  beak  and  diverging  at  an  angle  of  45°, 
each  of  these  spines  having  a  length  equal  to  half  the  hinge  line. 
Ventral  valve,  exclusive  of  the  flattened  hinge  angles,  spherically  con- 
vex; internal  median  ridge  extending  to  the  middle  of  the  valve. 
Surface  with  about  54  feeble,  rounded  ribs,  often  nearly  obsolete  on 
the  hinge  angles ;  these  are  crossed  by  numerous  microscopic,  concen- 
tric striae;  the  grooves  beneath  the  ribs  are  acute  and  bear  a  few  spin- 
ous projections  near  the  shell  margin.  Dorsal  valve  nearly  flat,  gen- 
erally a  little  concave  near  the  margin,  marked,  like  its  fellow,  with 
radiating  lines,  and  often  a  few  concentric  folds.  Area  very  narrow, 
equally  excavated  in  both  valves." 

Our  specimens  are  7  mm.  wide  and  about  5  mm.  long.  Kindly 
identifled  by  Prof.  Winchell.  Specimens  believed  to  have  come  from 
the  free-stone  of  middle  Waverly,  Granville,  O. 

Hemipronites  crenistria,  I'hil. 
(Plates  V,  Fig.  14;  III,  24;  Plate  VI,  Fig.  8;  Plate  IX,  Fig.  21.) 

Ihe  great  variability  of  the  American  members  of  Hemipronites 
makes  any  attempt  to  restrict  the  limits  of  species  very  diflicult — for 
us,  impossible.  The  figures  indicate  the  extremes  of  the  series  abun- 
dant in  the  middle  Waverly. 

This  widely  distributed  species  occurs  in  all  the  strata 'containing 
numerous  fossils.  The  largest  specimens  seen  come  from  the  same 
horizon  as  Spirifer  marionensis,  probably  60  feet  below  congl.  I,  though 
these  are  less  than  half  the  size  of  the  largest  figured  by  Davidson. 
(Sup.  plate  XXXVI.)  These  are  very  transverse  and  the  striie  are 
very  fine  and  frequently  irregular.  The  ventral  valve  is  only  moder- 
ately convex.  (Dorsal  valve  58  mm.  wide,  30  mm.  high)  about  13 
striae  in  5  mm.  (near  the  margin.)     In  the  shale  below  congl.  I,  speci- 


:  jjii)  with  dinincily  aliernale  siHe  occur. 
In  the  bvK-aaae  ihH  funo  uccun  with  iw.  eylindrka  {=  var.  robusia, 
HaB).  lAicfc   bncr,  at  a  sdD  note  Qrthislikc    variety,  occurs   in 


OHhU  Vatiux^mi.  HiH,  Y«r.  pulctrellii*.  v 


iPIiie  V,  Fig.  g.)     Nou  1396. 


Tbt«  beautifol  little  Onhis  octtirs  in  bige  numbt-ra  in  a  /one  near 
the  tap  or  above  thr  top  of  the  quanr  ruck  in  Granville,  and  seems 
to  pass  iriM  forare  mcmbling  those  generally  identified  with  O.  nii- 
cheliiu.  Without  discnEsing  the  protublc  relationships  of  the  two  forms 
we  may  stmpty  itotke  the  dose  resemblance  of  our  specimens  to  those 
described  by  Prof.  Hall,  from  "  calcareous  shales  of  the  age  of  the 
Hamilton  group"  in  several  localities  in  Illinois.  Missouri,  Iowa,  and 

Nc"     VuTk. 


r  ^ll^-.j^;  idr.ile   in   outline,  depressed,   v 

o,;- :.-.■:,..■.      Kings  line  short;  lick  ral 

i- ;  f.ii->  dcjires^ed.  rounded.  Surface-  c 
A\'-.\ix  -iri.v  Hhich  increase  I  v  bifurr.u 
,  -inu-iimes  by  division  into  three,  st; 
uT.ires ;  surface  also  marked  by  concern 
icMiini;  hues  esi>ecially  near  the  front  ni 


viih  l.irge  vascubir  ii 


lM.lin.:[,.nensis.  H-.  is  hardly  at  all  differ 
-  u]ii>ii  the  -.iria'  lire  represented  as  cloiiyati 
■,h  |iMi,it  t.ur  specimens  agree. 
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Rhynconella  contracta,  H. 
(Plate  X,  Fig.  9.) 

We  are  quite  unable  to  distinguish  any  differences  between  a 
small  species  with  very  acute  plicae  and  that  described  by  Prof.  Hall, 
from  the  Chemung.  Prof.  Hall  himself  made  the  same  identification 
in  1867,  and  as  the  name  was  applied  in  1843,  ^^  ranks  any  other  name 
in  vogue  f<»r  the  same  shell.  The  range  of  individual  variation  is  as 
great  as  in  thai  rpioted.  I'he  species  is  rare  in  the  free  stone  of  mid- 
dle Waverly. 

lii  a  j^enus  as  coiserv.itive  as  this  one  .1  i^reater  vertical  range  of 
species  is  to  be  expected  th  m  in  many  o'her  groups. 

Rhyitchorielln  subcivneata,  H.  ? 
(Plate  Vn,  Fig.  23.) 

A  small  species  from  just  above  conglomerate  I.  has  nearly  the 
form  of  the  species  quoted.  The  sandy  matrix  makes  a  careful  study 
impossible.  Our  specimen  is  smaller  and  less  broad  than  Hall's  types, 
hut  it  is  not  easy  to  |)oint  out  specific  distinctions,  the  static  character 
of  the  genus  makes  the  continuance  of  a  species  during  the  interval 
between  the  horizon  in  question  and  that  of  the  Warsaw  possible. 

Rhynchonella  sa^eria na,  Win. 
(Perhaps  a  variety  of  R.  saj)pho,  H  ) 

Shell  rather  gibbous,  thickness  equal  to  more  than  one-third  the 
width,  transversely  extended  ;  ventral  valve  broadly  oval  to  slightly 
pentagonal,  with  a  pointed  incurved  beak;  mesial  sinus  rather  dis- 
tinct, narrower  than  one-third  the  width,  extending  less  than  half  way 
to  the  beak,  with  three  to  four  strong  plica?  ;  lateral  surfaces  convex, 
with  five  or  six  plicae  on  either  side,  which  rather  rounded  above;  lat- 
eral margins  nearly  straight,  meeting  the  beak  at  an  angle  of  about 
110°;  length  of  lateral  margins  greater  than  half  the  length  of  the 
valves,  intersecting  the  evenly-curved   ventral  margin  at  a  point  in 
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from  of  Ihe  middle  ;  ronceniric  ^irix  or  folds  appear  neartht  ftoni; 
lunge  plates  siil»-|>arallel,  over  onf-sevenih  ihe  length  of  the  valvw. 
Length  ti)  width  about  as  seven  to  eight.  Width  34  mm,  height  xo 
mm;  (ai-i;;   18-17;  z'-'S;  iS-15 ;  23-30.) 

Dorsal  valve  more  nearly  quadrate  or  sub-circul.ir ;  beak  short 
Slid  incurved;  cists  showing  a  strong  median  phte  within  ;  antero-lai- 
eral  outline  semi -circular,  postero  lateral  anijle  very  obtuse,  mesial  (old 
inconspicnoiis.  with  four  or  five  plicte.  Literal  areas  with  four  to  iii 
plicas.      Length  to  width  as  4-5. 

The  sfiedmens  vary  in   many  respects,  but  in  no  specimens  were 

the  mesial  iilicie  mare  thin  four  or  fiifc,  th:re  being  three  in  the  sinui 

and  four  on  the  fold  in    normal  adults.      Two   varieties  exist  side  liy 

■idc,  differing  only  in  the  number  of  ]Mcx. 

t         The  second  agrees  very  closely  with  R  s  ippho  in  some  of  iis  va- 

'  tieties. 

This  species  belongs  in  the  sandy  layers  or  djgs  about  40  feet 
below  congi,  I,  where  it  is  abundant.  The  Granville  specimens  arc 
said  by  Prol,  Winchdl  to  be  typical.  This  is  No.  1  jij.  of  our  Mu- 
seum Register  and  ha.s  no«-  for  the  first  time  been  described  in  full. 
Our  own  belief  is  that  all  of  the  closely  allied  forms  belonging  in  this 
seaion  of  the  gt-nus  .ire  condition>i  of  a  single  'pet-ies— R.  s.ipplm. 


RhijncfiAjnella  sappho.  Hall. 

{Plate  V,  Fig.  I  i   Plate  VII,  Fig.  25.) 

Of  large  si/.e,  agreeing  in  outline  with  R.  sag^haiia,  but  with  more 
numerous  ])lic;i\  there  being  generally  five  in  the  sinus  and  si\  on 
either  side.      It  is  possible  to  diiplic.ite   the    Hamilton  forms   exaiily 

Found  in  the  free-stone  of  middle  Wjverly,  and  also  in  free-stoiies 
from  a  hnri/on  60  feel  above  congl.  II,  that   is  in  the  upper  U'averly. 

Some  of  the  varieties  of  this  ty|)e  resemble  R.  cooperensis,  per- 
fectly. 


Rhynchonella  iiuirshiiUi'JMis,  Win. 
This  specii-s  is  reco^ni/ed  by  the  veniricose,  flattened  dorsal  valve 
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with  numerous  (20-28)  rounded  plicae,  broad  fold  with  six  or  seven 
plicae,  and  the  sudden  flexture  of  the  front  and  lateral  margins.  The 
species  ranges  through  the  middle  Waverly. 

Several  other  species  could  be  recognized,  but  it  is  feared  that  a 
larger  collection  would  obliterate  the  distinctions  assumed. 


Atrypa  reticularis,  f  ? 
(Plate  III,  Fig.  11.) 

Small  specimens  resembling  this  species  have  been  obtained  from 
the  upper  free-stone,  lower  part  of  division  III.  The  identification  is 
doubtful,  though  undoubted  specimens  said  to  have  been  derived  from 
the  Waverly  are  in  the  museum  of  Ohio  State  University. 


Genus  Syringothvris,  Winchell. 


(Syringothj/ris  cuspidativs ,  Martin. 
(Plate  I,  Fig.  7,  (?)  ;  Plate  II.  Fig.  17  ;  Plate  V,  Figs.  4-7.) 

Aftomites  cusptdatus,  Martin,  1796. 
Spirifer  cuspidatus^  Sowerrv,  1809. 

Davidson,  1857. 
Cyrtia  simplex^  McCov,  1884. 
Cyrtia  cusptdata,  McCoy,  1855. 
Spirifer  capax.  Hall,  1858. 
Spiri/er  car/cri.  Hall,  1857. 
Synngothyris  typa,  Winchell,  1863. 
Spirifer  textus,  H a ll,  1857. 
Spirifer  hannibale fists,  Swallow.  (?) 

It  seems  to  me  after  a  careful  collation  of  the  descriptions  above 
quoted  and  the  comparison  of  several  hundred  specimens  that  a  due 
conservatism  will  unite  all  the  supposed  species  and  identify  them,  as 
positively  done  by  Davidson  and  Dekoninck,  the  most  careful  Euro- 


Hie  vidr  m-gr  of  ramtioii  mA 
f  nliubir  spedes  for  ippmii- 
1,  fnr  its  vetttol  Mnge  is 
I  taUt  of  mcjfumoents  a&d  diu 
1  whh  the  figiirt».  In  ihc 
1  PttiL  Winchdl  doa  BW  cobcbt.  u  our  b«  with- 
ered fton  the  cxtnct  from  ■  ^nnte  lener  of  Jin.  9ih.  tSSS.  Trom 
vlnck  I  bke  Ike  bbcftf  lo  qante. 

"  1  fc««c  befcnfotr  idcstified  with  ihi*  ipedcs  some  spe<.iraen( 
kom  Newfc.  CMmi.  embradi^  both  frnml  and  ilonai  valrr^  I  re- 
ceived MHK  tiDe  liace,  fttiin  ProC  Hicks,  spn^iment  Trom  Granrilk. 
bbded  S  Ctrirn,  among  vincfa  n  a  veotrjl  valve  resemMing  fbntu 
■dntttficd  br  me  with  Stn^^nu  ^*m ,-  but  hu  donal  ralvM  diflri 
Iron  tbotte  o4  S.  tfp^tt  in  hanng  die  binge  eurennties  prolonged  :inii 
fMMntrd ;  in  more  rigid  cosw  and  tack  of  nitution  in  th-  mujdli;  or  ihr 
MUerinr  i>«irKiB  Tbcr  abo  Udt  the  dcirp  concmiric  wnnklcs  of  ihe 
doml  valve  of  V.  tjpm.  I  h-mce  sepantt  tbi;-«  doreal  valves  from 
e  froot  £  4/>(t  and  (raw  ihcm  tu  represent  S.  Catkii" 
iFip.  17.  of  ristc  II.  trrvt-i  to  iHtf'-intc  the  usual  form  of  ihf 
illsr    i::':  ■■    -i-  "m.-  \    -.;r'„i;;-   foni   calied  :«.  cjrierj.  though  these 
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:..  ,  riu'^e  species  are  .V.  .t/^w//- 
>.  -.-H-atin.  Hall,  and  -V.  ma'wx 
l.i,-'ii   .u    s.niie   lime  idenufied   in 

Tve,!.  The  S.  Miili.-ams  (lesLTlLeil 
is  >i,ited  |.v  Win.hell  to  I.e  !ii>;  S. 
.ml    lV.>m  thoet-     The   following 
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tabular  arrangement  based  on  the  original  descriptions,  will  afford  the 
basis  for  comparison.     The  following  order  being  preserved: 

I.   S.    striatiformis,    2.    S.    centronata,   3.   S.   marionensis,   4.  S. 


biplicatus. 


I 
4 


c 


a 

M 

C 

*« 
I. 


i  I  = 

c  c  E 

c  =  b 

u  :,  s 

>  >  bu 


Shorter. 

loii^JiT. 


Iloctitngulitr 
acute. 


« 

3 

S 

» 

c 

^_ 

c: 

b 

« 

^^ 

». 

Q 

u 

U 

^ 

m4 

PoirttfMl,  Moderate,  I 

curved.       «rchc<i.  iWide  Narrow,  deep  Nurrow,  low. 


it 


It 
it 


c 


u5* 


X 


Nuiiicroii.M,  miinll.. — 

1  round,  hifrc'linp  H 

2  ,  »•  U 
:j  ■  ♦•  1— 
4  ,                ♦♦  0 


«         ■  **  u  .'" 


•c 


Narrow.  I  Wide 


c   « 

u 
T. 


t< 
It 

li 


r)!'.      Minute   j'trine 

I     80     I 


Between  S.  marionensis  and  S.  centronata  it  is  very  hard  to  dis- 
cover any  point  of  dissimilarity.  In  fact  we  cannot  distinguish  speci- 
mens from  the  Cuyahoga  shale,  the  locality  of  S.  centronata,  from 
specimens  of  S.  marionensis  from  near  the  middle  of  the  lower  divis- 
ion of  the  Waverly  in  Licking  Co.  S.  slriatiformis  is  restricted  to  the 
upper  portion. 


Spirlfer  niarioiien^is,  Shumard. 
(Plite  VI,  Figs  3.4;  Plate  VII,  Fig.   rr;   Plate  IX.  Fi^.  i  ?) 

Cf  S.  centronata.  Win. 

Our  figures  give  a  good  idea  of  the  range  of  variation  exhibited, 
though  in  the  smaller  shells  the  mucronate  extension  of  the  hinge  is 
more  marked.  On  the  largest  shells  there  are  rarely  more  than  four 
plicae  on  the  fold  or  sinus  and  the  lateral  margins  are  usually  quite 
oblique.  This  species  has  been  found  in  the  shale  near  the  east  end 
of  the  bridge  crossing  Moot's  run,  four  miles  west  of  Granville,  and 
the   layer  of  nodules  one  mile  west.     The  horizon  being  supposed  to 


lie  at  least  sixty  feet  belon-  cingl.  1.  Sliell  nearly  semi-circular  ;  mtnl- 
erately  convex;  length  4-3-2'^  limss  the  height;  valves  of  neaily 
equal  convexity.  Hinge-line  considerably  extended  with  acute  exn. 
which  are  sometimes  mucronate  Ventral  valve  convex  with  a  raihet 
prominent  beak  and  sironi;ly  curved  striated  area ;  greatest  convexity 
near  the  beak  ;  lateral  portions  depressed  ;  sinus  narrow,  but  rather 
deep  I  surface  marked  by  40  rounded  pUcte  which  are  dichotomous, 
and  of  which  about  four  occupy  the  sinus,  which  is  triangular  in  sec- 
tion, especially  near  the  l>eak.  Area  moderately  narrow  and  strongly 
inclined,  with  a  broad  triangular  area  which  is  striate.  Dorsal  valve 
only  moderately  convex,  laterally  depressed,  most  convex  above  ihe 
middle,  fold  very  inconspicuous,  scarcely  elevated,  with  two  pairs  of 
plicK  produced  by  bifurcation  of  the  two  primary  ones.  Dic'ioiomy 
of  striK  of  both  valves  very  irregular.  Surface  concentrically  striate, 
sometimes  with  concentric  folds  also.  Found  in  the  lowest  horiion  of 
Licking  Co.      Its  range  being  20  feet,  so  far  as  observed. 

This  species  was  first  described  from  the  so-called  Chemung  of 
Missouri.  Later,  Prof.  Hall,  in  his  Iowa  Report  describes  specimen 
from  rocks  of  the  Hamilton  age,  while  Prof.  Winchell  noted  its  occur 
fence  in  Waverly  sirata,  at  Sciotoville.  O. 

The  casts  show  peculiar  internal  structures  which  may  be  of 
assi.sianct  in  dt.'stint;uishing  ihe  .species. 

Spirifn-  s/rh,fiform  h,  M"''. 
(I'bte  111,  l-ig.  j6:   Hate  Vl,  Fiijs.  6-7-) 


rndoiibted  and  lyi)ic.il  siiccimci 
ly,  well  toward  the  summit  uf  the  ser: 
volume  of  ihj  Ohio  I'ala-iiuioloyy 
Isolated  dorsal  valves,  however,  rese 
carteri,  and  arc  •.oniciiines  s.mmIIc-iI. 
the  incsi.il  fiild.     The  hue  radiating 


are  found  in  our  upper  Waver- 
i.  'i'iie  illustrations  in  the  third 
invey  a  good  idea  of  this  shell, 
hie  the  shell  called  in  Ohio,  S. 
Kight  to  twelve  plica;  occujiy 
na;,  when  preserved,  are   good 


spec 


.irks. 


Shell  of  medium  si/.e  ;  semi  oval  in  outline,  only  moderately  con- 
lesially.  rather  (lat  toward  the  sides;  hinge-line  eipial  to  greatest 

ally   making  wilh  ihe  hinge -line  ahnut    a    right  angle.     VeniraJ 
uuich  more  loiivc.K  than   ihe  dorsal;  beak   strongly   incurved; 


cardinal  area  arched,  striate  parallel  to  the  hinge  line,  foramen  J^  to 
1-5  as  wide  as  the  hinge  ;  mesial  sinus  rather  narrow  and  ill-defined, 
triangular  in  section,  continuing  to  the  beak  ;  interior  with  short,  di- 
verging dental  lamells  and  small  rostral  cavity.  Dorsal  valve  quite 
flat,  except  the  rather  low,  ill-defined,  triangular  fold  :  beak  projecting 
beyond  the  hinge-line;  area  narrow,  striate  at  right angUs  to  hinge-line. 
Surface  of  both  valves  covered  by  numerous  small,  low,  rounded  cos- 
tie,  which  bifurcate  somewhat  irregularly  and  are  marked  by  numer- 
ous radiating  striie  and,  less  obviously,  by  concentric  striiE  as  well  as 
the  usual  lines  of  growth.  (The  cancellated  appearance  spoken  of 
by  Meek  is  rarely  observed,  while  the  radiating  striations  are  quite 
noticeable.  Sixty-five  to  seventy-five  coslE  are  found  on  a  valve  of 
medium  sixe,  from  eight  to  fifteen  occupying  fold  and  sinus.  The 
typical  form  is  found  near  the  summit  of  the  VVaverly,  about  100  feet 
above  congl.  IE.  with  Productus umireticulatus.  This  layer  occurs  at 
at  the  very  top  of  the  exposure  at  Rushville  and  cannot  be  far  below 
the  Chester  limestone. 

In  conglomerate  I,  are  found  specimens  apparently  in'ermediate 
between  the  previous  species  and  S.  siriatiforrais,  but  more  convex  than 
either.  In  the  free  stone  still  above  is  another  variety  which  is  with 
less  doubt  referred  to  S,  striatiformis.  Specimens  are  figured  on  Plate 
VI,  Figs.  6,  7,  These  have  a  broader  sinus  and  more  nearly  quadrate 
form,  though  short  mucronate  ears  are  retained. 

If  S,  centronata  is  a  valid  name  for  the  form  from  Cuyahoga  shales 
the  relation  between  thai  species  and  S.  marionensis  must  be  left  for 
future  study.  The  close  relation  of  all  these  to  S.  disjuncta  of  the  Che- 
mung is  noteworthy. 


Spirifcr  bipUcattus.  H""- 


Not  Spirifer  biplkatus.  Meek,  O.  Pal.  Vol  II. 

But  a  single  dorsal  valve  has  been  encountered  with  the  characters 
of  S,  biplicatus,  indeed,  we  suspected  the  validity  of  the  species.  It 
may  be  confessed  that  a  wider  range  of  observation  may  intalidate  the 
assumed  distinctions.  This  dorsal  valve  differs  from  those  of  S.  stri- 
atiformis, with  which  it  is  associated,  in  the  greater  distinctness  of  the 
plicie,  and  the  depressions  bordering  the  median  fold,  and  by  the  fact 
that  the  plicie  on  the  fold  are  so  much  smaller  than  those  of  the  rest 


r: 


of  the  surface,       I'lie  surface  is  also  more  convex.     There  are  i 

a8  plife.  four  being  on  the  fold  and  ihose  of  the  general  surface  are 
simple,  while  those  of  the  fold  dichoiomi/e.  This  species  is  smaller 
than  S.  slnaliforrais.  Division  III,  near  Newark.  W.  F.  Cooper, 
collector, 

Splrifer  winchfMi.  *?■  " 

(Plate  V.  Fig,  2-3 ;  Plate  II,  Fig.  16.) 

Mcst  nearly  resembling  S,  mesacostalis.  Shell  transversely  elon- 
gate, gibbous ;  width  from  two  to  three  times  the  height.  Ventral 
valve  (luiie  convex  mcsially.  strongly  and  evenly  arched  from  the 
closely  incurved  and  projecting  beaks  to  the  lower  margin.  The  area 
is  very  narrow;  hinje-line  usually  strongly  produced,  lateral  anyles 
mucronate  ;  surface  marked  by  about  :5  rounded  plicse  on  either  side 
of  the  deep  Irjanguiar  sinus.  (In  one  case  a  trace  of  slight  fold  in 
the  bottom  of  (he  sinus  was  discovered,  but,  as  all  our  specimens  are 
casif,  these  might  not  usually  be  preserved  if  present.  Dorsal  valve 
less  gibbous  ;  area  very  narrow,  beak  minute:  surface  most  convex 
near  the  middle  :  folil  hij;h.  strongly  defined,  narrow,  marked  in  the 
center  l.y  a  deep  groove.  Surface  orname:.icd  by  l.imellose  con.eniric 
lines.  The  ilnse  relaiioni-hip  with  S,  mesacostalis  of  the  (.■hcnnmg 
require  no  comment.  If  the  slrata  were  adjacent  the  two  would  hard- 
ly be  sep.irated.  .A  considerable  number  of  closely  agreeing  speci- 
11.  at  (Wanville.      Named  in  honor 
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Spiriferf  hirtus.  M.  andW? 
(Plate  III,  Fig.  2.) 

A  single  dorsal  valve  may  represent  this  species.  A  similar  form 
from  the  Cuyahoga  shale  has  been  referred  by  collectors  to  S.  setigera, 
H.  The  existence  of  such  an  Athyris-like  form  is  of  interest  even  though 
some  doubt  must  prevail  as  to  the  specific  relations.  To  the  student 
of  evolution  the  series  beginning  with  the  Devonian  and  including  S, 
fimbriata^  S.  prcematura,  S,  pseudoltneatus^  S.  setigera,  S.  iineaia,  etc. 
should  be  interesting. 

.  Cyrtina,  sp, 

(Plate  VIII,  Fig.   18.) 

A  small  species  is  known  from  a  ventral  valve  found  in  calcareous 
nodules  at  the  base  of  the  Licking  Co.  section  at  Moot's  run,  four  and 
one-half  miles  west  of  Granville  Height  4  mm  ;  width  5  mm ;  con- 
vexity 2  mm ;  beak  slightly  incurved ;  sinus  narrow,  rather  deep  : 
about  seven  plicae  on  either  side.  Our  form  is  less  elevated  than  C. 
acutirostris,  Shumard,  resembling  S.  hamiltonensis,  but  with  a  nar- 
rower sinus. 

Spiriferiria  solidlrostris,  vvhite. 
(Plate  II,  Figs.  9-1 1  ;  Plate  V,  Fig.  13.) 

This  pretty  little  shell  is  common  in  a  layer  of  free-stone  several 
feet  above  congl.  II,  at  Newark.  All  specimens  so  far  collected  are 
very  small  and  are  characterized  by  the  high  incurved  beak  of  the 
ventral  valve  and  the  regular  concentric  striae,  which  in  well  preserved 
specimens  cross  the  few  i)lications.  The  dorsal  valve  is  rather  flat, 
with  a  small  beak  and  7-9  rather  large  folds  separated  by  deep,  but 
not  wide  grooves.  The  median  fold  is  flattened  or  even  channeled 
above. 

Spiriferlna  depressa,  sp.  n.  (?) 
(Plate  10,  Fig.  3.) 

Shell  of  large  size,  valves  nearly  equally  convex,  transverse,  the 
hinge-line  equal  to  the  greatest  width. 

Ventral  valve  wider  than  high,  moderately  convex,  beak  incurved. 
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not  greatly  elevated  beyond  plane  of  hinge,  the  extremilies  of  which 
are  met  by  the  lateral  outline  at  about  a  right  angle.  Surface  marVe] 
by  about  twelve  (8-12)  sul>-e(|ual  ralher  distant  plica;  and  concentric, 
irregular  ridges,  mesial  simis  not  so  well  defined  and  enlarged  as  usual. 
Oorsal  valve  of  the  same  general  form,  but  somewhat  less  convex  and 
with  less  prominent  beak;  median  fold,  moderate  and  somewhat  flat- 
tened, with  about  five  plicae  on  either  side. 

This  species  is  known  from  a  single  gathering,  but  a  considerable 
number  of  specimens  of  quite  constant  characters.  It  differs  from  the 
preceding  not  only  in  greater  size,  but  in  the  much  less  convexity  and 
projection  of  the  bealc  and  in  the  more  transverse  and  square-sboul- 
dered  form. 

Height  II  mm  ;  length  17  mm. 

Small  specimens  have  fewer  plies,  but  otherwise  are  similar. 
From  one  mile  north  of  "  ISiig-way,"  apparently  below  congl.  II. 
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incurved  into  the  cavity  below  the  deltidial  plates.  Surface  concen- 
trically striate  with  crowded  lainelliform  ridges  toward  the  sides  and 
front." 

Length  of  our  largest  specimens  nearly  30  mm,  width  27  mm. 
Varying  greatly  in  form  and  size.  The  casts  figured  on  Plate  V  give 
a  good  idea  of  the  vascular  markings. 

Freestone  of  middle  Waverly.  Typical  specimens  are  from  the 
Chemung  of  New  York. 

Centronella  iulia,  Win. 
(Plate  II,   Fig.  5.) 

Shell  small,  lenticular,  ovate  or  somewhat  transverse  in  outline ; 
-valve  moderately  convex,  its  beak  covered  by  the  higher,  incurved 
beak  of  the  more  convex  ventral  valve  ;  are.i  absent.  Siirfiice  marked 
by  concentric  lines  of  growth  and  radiating  lines  (impressed  from  the 
interior  upon  the  cast?)     Internal  characters  of  ihe  genus. 

Many  specimens  of  this  species  may  be  found  in  the  freestone 
overlying  shales  above  congl.  II,  at  Newark  and  eastward.  It  agrees 
in  external  feature  perfectly  with  Prof.  Hall's  figures  of  this  species. 
Other  forms  are  illustrated  in  figures  4  and  8  of  Plate  II,  and  may  be 
refered  to  this  genus.  As,  however,  we  know  nothing  of  the  essen- 
tial characters  we  may  forbear  burdening  synonomy  with  meaningless 
names. 

t^tJiyris  ohioensis,  Wm. 

(Plate  II,  Fig.  i.) 

Some  doubt  attends  the  identification,  on  account  of  the  condition 
of  our  specimens,  but  Prof.*  Winchell  was  good  enough  to  compare 
our  casts  with  the  types  and  considers  the  identification  as  a  proba- 
ble one. 

Athyris  lamellosa,  l^eveil. 

(Plate  II,  Fig.  7.) 

The  specimens  figured  are  from  the  layer  below  congl.  I,  and  we 
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arc  at  a  loss  for  any  sufjicienl  distinctions  between  our  form  and  ttit 
species  quotetl.  A  large  species  of  Athyris  is  al«o  found  in  ihe  no- 
dules at  Moot's  run,  which  aiiparenlly  differs  from  the  one  quoiti 
The  resemblance  between  the  Devonian  and  carboniferous  memlcrs 
of  tills  genus  is  too  close  lo  make  a  separation  e^sy  at  presenL 

The  small  species  Figs,  ig,  34,  Plate  VII,  may  be  an  Athyris  01 
an  Amphigenia  resembling  A.  elongaEa.  Cong).  I.  The  affinities  of 
Fig.  3\  of  the  same  plate  are  slill  more  obsnre. 

I  Aviculopecten,  perelon^atus,  sp,  n. 

Lcfi  vjIvc  extremely  elongate,  narrow  and  quite  convex  along 
the  longitudinal  axis,  lleighl  to  length  of  body  as  i  J^  10  1,  Body 
acutely  narrowed  toward  ihe  curved  beak,  the  Bides  forming  an  angle 
of  leK^  than  sixty  degrees.  Posterior  wing  small,  iriangiiler,  rather 
acute.  Surfnce  marked  by  very  numerous  crnwded,  hair-like,  sharp 
striK.  which  bifurcate  anH  increase  by  iniusiiception  trregularly,  also 
by  concentric  folds,  which  arc  more  distinct  toward  the  sides.  The 
wings  have  less  numerous  radiating  siriai.  The  convexity  of  the  valve 
is  grtMIfSI  ne;ir  the  middle  and  forms  almost  a  fold  along  the  lonijitu- 
diii.ll  avis,  i-lu],ing  rfjiiil.irly  1(1  fi!hi.T  margin.  The  umbonal  sIo],l-. 
are  Imth  imn  :ive  and  rathui 
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From  this  species  our  left  valve  differs  in  the  form  of  the  anteri- 
or ear,  which  is  less  projecting.  The  posterior  ear  is  broken,  but  evi- 
dently is  very  slightly  defined.  The  valve  is  quite  flat  and  is  marked 
by  distant,  irregular  and  somewhat  alternating  striae.  The  surface 
markings  are  poorly  preserved  in  our  cast. 

A  faint  impression  of  the  right  valve  of  apparently  the  same  spe- 
cies closely  resembles  in  ascertainable  characters  that  of  A.  amplus. 
It  is  quite  flat  and  almost  destitute  of  markings.  The  anterior  ear  is 
evidently  very  distinct  from  the  body  and  separated  from  it  by  a  deep 
bvssal  sinus.  The  posterior  ear  is  minute  and  ill-defined.  Length  of 
left  valve  77  mm;  width  81  mm  ;  hinge  53  mm.?  Length  of  right 
valve  48  mm.  This  species  occurs  in  some  hitherto  unidentified  hori- 
zon evidently  of  the  Freestone  of  middle  or  upper  Waverly. 

In  this  connection  should  be  mentioned  a  large  species  known 
only  from  a  single  fragment  secured  near  the  very  top  of  the  Waverly 
(ten  feet  below  coal-measure  congl.)  8  miles  east  of  Newark.  This 
fragment  (Plate  XII,  Fig.  21 )  is  nearly  as  large  as  the  above  but,  if  a 
left  valve,  as  seems  probable,  must  be  very  dissimilar  in  outline.  The 
alternation  and  irregularity  of  the  striae  are  even  more  pronounced 
than  in  the  above,  but  the  stride  are  aj)parently  higher  and  are  crossed 
by  innumerable  very  fine  concentric  slrine.  In  some  respects  this  form 
resembles  A.  crenistriatus. 

Avicalopectefi  cooperi,  sp.  n. 
(Plate. XII,  Figs.    16-17.) 

A  beautiful  .species,  found  too  late  for  careful  study,  differs  from 
all  others  from  the  Ohio  Waverly  in  its  markings.  Closely  agreeing 
with  A.  sub-cardiformis,  Her.,  in  outline,  but  much  less  convex. 
Left  valve  somewhat  longer  than  wide,  posterior  ear  of  moderate  size, 
not  sharply  set  off  from  the  body  ;  surface  of  valve  and  ear  covered 
by  very  fine,  rather  uniform,  but  irregularly  waved  striie,  crossing 
shallow  concentric  folds;  about  4  of  the  radiating  strias  occupy  the 
space  of  I  mm ;  anterior  ear  not  seen.  A  fragment  of  whit  seems  to 
be  the  right  valve  of  the  same  species  accompanies  it.  This  valve  is 
less  convex  and  is  marked  only  by  very  fine  concentric  striae,  except 
upon  the  po.sterior  wing,  which  has  the  form  and  markings  of  that  of 
the  left  valve  ;  anterior  wing  long,  acute,  separated  from  the  body  by 


a  deep  byssal  sinus  and  steep  iimlxmal  slope, 
i6  ram;  width  r5  mn 
Nodule  layer.  Mi 


l-engih  of  left  \ 
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.4elculopet:ten  [Cf.  oiveni.  M-  •""I  W.) 

I  f Plate  III.  Fig.  S.J 

Shell  small,  siibtirculiir,  lower  margin  nearly  equally  curved  W 
{loints  nearly  half  way  to  the  beak,  here  suddenly  flexed  lo  meet  the 
lateral  .margins,  the  aoiTior  one  in  the  left  valve  being  slightly  con- 
cave, the  posterior  a  little  convex;  beak  prominent;  hinge  line  some- 
what less  than  the  width  ;  an:erior  ear  rather  large,  obtusely  angled; 
posterior  ear  smaller  and  mnre  acute  and  rather  less  sharply  defined; 
surface  quite  convex,  greatest  convexity  being  about  one-third  from 
the  beak,  ornamented  by  rather  numerous  bifurcating  and  implanted 
strite,  of  which  about  fifty  nan  be  counted  on  the  body  of  an  average 
shell.  Length  lo  mm ;  width  lo  mm ;  length  of  binge  8  mm.  The 
difficulty  of  comparing  this  species  wiih  A.  oweni  is  increased  by  .1 
doubt  as  to  which  valve  is  figured  by  Meek  and  Worlhen.  'I'he  de- 
scrijjtion  stales  ■■  right  valve  unknottn,"  while  the  figure  i-;  slated  ti> 
be  that  of  the  right  valve.  If  it  be  a  left  valve  and  our  own  are  like- 
wise left  valves,  the  relation  of  the  e.irsis  reversed.  Our  s|,ecies  is 
smaller,  but  otherwise  resembles  the  Illinois  form.  None  of  the  s],e- 
cies  ipnited  by  U'iiichell  as  from  ihe  U'averly  and  its  e(;iuva!ents. 
seem  to  be  idenii<  al  with  this,  ihounh  it  may  prove  the  young  sta^je  of 
one   of  Ihe  .  ommon  one>,  perha],s  .\.  winr'belli.      The  bori.;ou  is   the 
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(inaielll.  Fig  ,p.) 

.■\  single  right  valve  may  belong  to  this  species  as  indicated  bv  its 
rather  narrow  form.  .-\s  Winchell's  specimens  were  all  left  valves,  the 
identification  i:an  only  be  eonjeciuraj.  Length  r8  mm  ;  width  15  mm. 
Valve  very  flat,  covered  by  irregularly  altern.Tte,  rather  filiform  stria'. 
I'mbonal  slopes  about  90°  or  les>. 
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Crenipecten  sub-cardiforrnds,  sp.  n 
(Plate  VII,  Figs.  4-5  ) 

Cf.  Aviculopecien  caroli,  VVinchell,  1863,  pars.  ? 

[Wrongly  quoted  above  as  C.  tumidus.] 

We  have  been  caused  a  great  deal  of  perplexity  by  this  species, 
which  occurs  by  scores  in  our  collection.  It  is  chiefly  restricted  to  a 
zone  about  40  feet  below  congl.  I.  though  it  ranges  upward  to  a  hori- 
zon just  beneath  it  in  company  with  streblopteria  media.  Aviculopec- 
ten  caroli,  Winchell,  would  not  be  considered  in  this  connection  were 
it  not  lor  ihe  statement  made  by  Prof.  Winchell,  in  1870,  that  it  was 
found  at  Oranville,  but  that  the  specimens  from  that  locality  **  were 
all  right  valves,  and  are  much  flatter  than  tvpical  specimens  <'f  the 
same  v.ilve."  On  the  whole  it  may  be  safer  to  regard  our  form  as  a 
distinct  species  unless  a  comparison  of  typts  proves  this  not  to  be  the 
case.  Shell  of  medium  or  small  size,  nearly  circular,  height  and 
length  ecjual,  with  well-defined  and  depressed  ears.  Left  valve  very 
ventricose,  hinge  slightly  shorter  than  extreme  length  ;  lower  margin 
a  nearly  circular  curve  intersecting  the  auricular  margiri  at  about  two- 
fifths  the  distance  from  the  hinge  to  the  lower  margin  ;  anterior  ear 
rather  large,  grearly  depressed  below  the  adjacent  portion  of  the  body, 
from  which  it  is  separated  by  a  sudden  deflection ;  posterior  ear  less 
sharply  defined,  but  nearly  equally  as  large  and  not  separated  by  a 
well-defined  sinus  from  the  body,  depressed  ;  beak  high,  but  incurved 
and  acute,  projecting  slightly  beyond  the  hinge;  greatest  convexity 
near  the  union  of  the  ui)per  and  middle  thirds;  surface  marked  by 
from  thirty  to  forty  strong,  very  irregular,  radiating  costie,  alternate 
ones  being  generally  smaller  and  originating  by  implantation  or,  more 
rarely,  bifurcation  ;  these  costal  are  crossed  by  fine,  close,  but  irregu- 
lar concentric  striae,  which  do  not  cross  the  larger  costae,  and  distant 
undulations;  the  anterior  ear  bears  about  six  costal,  while  the  poste- 
rior ear  is  nearly  smooth,  but  exhibUs  more  plainly  the  concentric 
striae ;  rarely  two  small  costal  occupy  the  space  between  the  larger  ra- 
diating ribs.  The  right  valve  is  very  flat  and  nearly  without  markings  ; 
the  hinge  is  longer  than  or  equal  to  the  greatest  length  and  the  ears 
are  very  large  ;  and  nearly  equal ;  the  anterior  ear  is  set  ofi'  by  a  deep 
depression  from  the  body  and  the  valve  is  i)rovided  with  a  deep  bys- 


sal  sinus  bcluw  ihf  ear  ;  ihe  posterior  ear  is  less  sharpiy  defined  liy  the 
umbonal  ridge,  but  i«  lower  than  ihe  plane  of  the  I>ody  and  its  margm 
passes  into  lh:ii  (if  the  valve  by  a  moderate  curve.  Although  boih 
ears  arc  provi<led  wiih  well  defined  radia)  and  conrcnlrlc  stria;  none 
appear  clearly  m  any  of  ihe  specimens  on  [he  body  of  the  vnlvc. 
The  hinge  of  ihc  left  valve  is  crenulaied  as  in  A,  winehclli,  «hiih  ihc 
right  valve  resembles.  'Ihe  very  convex  Iff'  valve  and  surface  char- 
acters serve  to  distinguish  it  from  othi-r  species. 

Height  i^  mm  ;  length  14  mm;  length  oi  hin^e  ?i  mm. 

Crfiiipeoten  srnUiji.  "^p-  "■ 

(Plate  III.  Fig.  I.) 

The  limited  number  tif  aviculopetrtcnidn;   found  in    the  Wavcrly 
'  induces  nie  10  projKise  a  name  for  this  species  known  only  from  ihe 
left  valve. 

Sljell  of  medinm  si/e,  nearly  circtilar  or  elllpiical  in  outline; 
rather  Sat.  I.eit  valve  slightly  convex,  with  a  iD>)deratdy  ueiite  de- 
I tressed  be;ik  ;  anterior  w\ng  brge.sep.i rated  from  the  body  by  a  mod- 
erate  nmliunal  riilyi.-.  Hs   outline    |)assing    into   ihnt  of  the  body  by   a 
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lateral  margins  uniformiy  rounded.  Right  (?)  valve  moderately  con- 
vex, hinge  four-fifths  the  greatest  length;  beak  nearly  central;  ante- 
rior wing  small,  ill-defined  ;  posterior  wing  larger,  fieparated  from  the 
body  by  an  oblique  plane  surface,  rather  flat ;  no  indications  of  a  bys- 
sal  sinus.  Surface  finely  cancellated  by  uniform,  high,  regtilar  radi- 
ating and  concentric  ridges,  the  latter  sub-imbricating.  There  is  little 
to  determine  which  valve  our  single  sppcimen  represents,  it  may  quite 
possibly  prove  to  be  a  left  valve.  There  is  some  resemblance  to  small 
specimens  of  L.  orbiculatus,  The  most  that  can  be  said  is  that  our 
shell  possesses  a  decidedly  Devonian  aspect.     Nodule  layer  at  Moot's 


PLinaiuli-na  (?)  okioensis,  sp.  n. 
(Plate  II.  Fig.  20;  Plate  III,  Fig.  10.) 

Shell  of  moderate  size,  obliquely  and  rather  narrowly  oval ;  height 
over  one-fifth  greater  than  length;  hinge  line  very  short ;  surface  with 
distant,  irregular  furrows.  Left  valve  moderately  convex  near  the 
beak,  elsewhere  quite  flat,  with  hinge  line  equal  to  about  oiie-half  the 
greatest  length  ;  valve  not  very  oblique,  umbonal  ridges  meeting  at  the 
beak  at  less  than  a  right  angle,  beak  somewhat  acute;  anterior  ear 
well-defined,  but  small,  rounded  and  separated  from  the  body  of  the 
valve  by  an  abrupt  descent,  its  margin  concavely  sinuated  below  ;  pos- 
terior ear  very  small  and  obtuse.  The  posterior  m=irgin  makes  a  broad 
curve  which  is  straightened  above,  but  curves  more  rapidly  in  passing 
into  the  very  convex  front  outline.  The  valve  is  marked  by  about  zo 
distant  and  very  irregular  narrow  and  deep  radiating  strise  and  folds. 
Right  valve  very  oblique  and  short,  hinge  line  relatively  longer,  pos- 
terior margin  straight,  making  an  angle  with  the  hinge  of  about  i.^o"; 
posterior  angle  produced;  anterior  ear  small,  convex,  projecting,  sep- 
arated from  the  valve  by  a  profound  acute  byssal  sinus;  marked  by 
about  four  or  five  distinct  costse  ;  markings  of  the  body  as  in  the  left 
valve.      Evidently  the  shell  was  quite  inequivalve. 

Height  of  perfect  left  valve  20  (23)  mm;  lenght  15  (18)  mm  ; 
hinge  9  (8)  mm;  height    of  right   valve    izmm;  lenght    10  mm  f?); 


been   secured  only  one  of  whicii. 
The  shell  is  so  thin  as  to  make  it 


peculiarly  liable  to  disionioii.  The  species  is  normally  somewhaC 
longer  than  ihat  drawn  on  Plate  III.  Though  the  hinge  was  not  seen, 
this  species  seems  allied  to  I.imatulina  than  any  other  genus  of  the  fam- 
ily. Confined  to  the  strata  above  congl.  II.  chiefly  near  the  very  top 
of  the  Waverly  as  exposed  in  the  county. 


Streblopteria  niedifi,  'p,  "■ 
(Plate  III.  Figs.  8-9.) 
iCt.    L.  Kintllis.   Walcoii.) 


rosely  allied  10  S.  similit,  Wakolt,  of  medium  size,  rather  broad- 
ly ovate,  not  ohliijiic,  moderately  convex  near  the  beaks. 

Left  vnlve  most  convex,  anterior  ear  broadly  rounded,  depressed, 
separated  from  the  body  of  the  body  of  shell  by  an  abiupt  inclination, 
sinus  moderately  concave,  remainder  of  the  margin  a  rather  regular 
convex  curve  approaching  a  straight  line  nenr  the  point  of  union  with 
the  hinge,  which  is  short,  and  not  forming  a  well-defined  posterior  ear ; 
beak  acute,  souieivliat  projecting:  greatest  conve.vity  a  short  disianre 
from  th;  I.L'ak  ;  siirtacf  marked  t-y  rather  distprnt  and  coarse,  liut  in- 
i:iius|ii;  iKiMs  r.idialing  slri^u,  or  ii])parfnrly  smooth.  The  ri|;|ji  \\il\e,>i 
differ  link- in  fi)riti,  but  lh<;  byssal  sinus   is   very  ,shar|i  and  dci-p  aii.i 


liodv  of  1 


p  ^xw^ 


Th 

e  sii 

irf:u 

■e  is  ne.i 

irly 

suio. 

i.lh,  . 

tfNcept   the  ant 

erior  ■ 

ear  wliic 

\\    IS      MTV 

Mr( 

m^l' 

I'  m 

arked  b 

dial 

lugs 

lria>. 

Ir 

om 

-V.  ^i'„i/is  tb 

;  differs  in  bein 

g  relat 

ively  br 

...Kkr.  es- 

pe. 
spt 

iaIU 

■  in 

iht-  k-ft 
of  Ihat  . 

^pec 

ies' 

It  r 

l.t.king  the  lln. 
csembli's  very 

closcl) 

■  iiuletd, 

11  ill  sm.dl 
,  C>e„if,r. 

Icll 

/.:,■, 

stii 

of  the  . 

coal 

mc- 

i-iure 

s,  but  (liffers  from  it  i 

n  the   p, 

■opuriions 

of 

(Ik- 

e;ir 

^.  and  d< 

les  1 

iiot  > 

;eem 

.0  p<.>scss  ihe  1 

:renuk 

ue.l  hinge.      The 

onl 

y  oi 

.\uKTii: 

.in  H 

■pc.-i 

es  \\-\ 

th  ivhirh  coinp 

arison 

is  neces 

sary  is  .V. 

Urn 

•lili-i. 

■alu 

.-■,  from 

ibc 

-inea 

sores  of  the  W. 

est. 

H> 

:\g\^ 

It  of  a  ri 

;;I>1 

valv 

e  16 

mm  ;   greatest  : 

length 

16.8  mn 

ii  ;  lengib 

of 

ante 

riur 

ear  7  1 

nm : 

;   dis 

lanc. 

;  trom  hinge  ill 

le  produced  tc 

)  anterior 

angle  < 

.f  s 

hell    bel 

,.«■ 

inss 

al  sir 

ULs  5  mm       H. 

right  n 

if  a  left 

valve    .9 

1;  1< 

•"K' 

.h   19  m, 

leng 

th  ol 

"  anieriiir  ear  6 

mm ; 

greatest 

length  at 

.lb, 

0  11 

un,  froM 

ibe 

ak. 

Nui 

nicroiis  closely  ; 

igreeir 

ig  specir 

nens  from 

OE   DENISON    UNIVERSITY.  57 

the  layer  a  few  feet  below  congl.  I.  The  species  is  also  found  forty 
feet  below  congl.  I,  at  Union  Station,  in  large,  finely  preserved  speci- 
mens, a  left  valve  measuring  in  length,  25  mm,  in  width  23.5  mm. 

Sbreblopteria  squama,  sp-  n. 
(Plate  VII,  Fig.  14.) 

Smaller  or  medium  size,  with  extended  hinge-line  and  ovate  out- 
line. Left  valve  quadrately  ovate ;  length  and  height  about  equal ; 
hinge  about  three- fourths  the  length  ;  anterior  outline  nearly  straight, 
slightly  convex  below  and  concave  at  the  ear  ;  posterior  outline  gently 
and  uniformly  convex;  anterior  wing  largest,  nearly  rectangular,  not 
very  distinctly  separated  from  the  body ;  moderate  posterior  ear  ob- 
tusely angular,  passing  without  interruption  into  the  general  surface  of 
the  body ;  surface  slightly  convex,  ornamented  only  by  fme,  crowded 
imbricating  lines,  epidermis  very  thin.     Shales  below  congl.  I. 

This  species  is  considerably  smaller  than  the  average  specimens 
of  S  media  and  is  more  broadly  ovate,  with  a  longer  hinge-line.  No 
traces  of  radiating  striae  could  be  seen. 

Sfrchlopteria  gracilis,  «!»•  "• 
(Plate  VII,  Fig.  12.) 

Shell  of  medium  size,  elongate,  with  very  short  hinge. 

Left  valve  narrowly  elliptical,  length  four-fifths  the  height,  hinge 
less  than  half  the  length  ;  posterior  margin  a  uniform  slight  curve  to 
the  almost  obsolete  ear  ;  anterior  margin  very  abruptly  flexed  at  the 
umbonal  slope  to  the  short,  obtusely  triangular  ear;  surface  convex, 
ornamented  by  concentric  and  obscure  radiating  lines.  Free-stone  of 
middle  Waverly  ( ?)  This  species  resembles  the  larger  form  of  S.  media, 
but  is  at  once  distinguished  by  its  narrower  form  and  short  hinge-line. 

Pernopecten  shuviardianus ,  ^Vin.  ?  ? 
(Plate  XII,   Figs.  13-s.) 
A   considerable  number  of  nearly  perfect  valves  are  represented 
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in  our  colleclions  from  the  nodule  layer  at  Moot's  run.  Our  l.irgest 
specimen  agrees  in  all  preserved  characters  with  the  species  (|uoted 
doubtfully  as  P.  shumardi.nius  Thr-  opposite  valve  is  mure  nearly 
flat  and  was  poorly  preserved.  The  great  vertical  range  of  this  group 
as  well  as  the  perplexing  relations  of  the  genera  Pernopecten  and  En- 
toliuni  make  ii  difficuh  to  base  conclusions  upon  their  distribution. 
Compare  Bulletin  llcnison  University,  Vol.  II,  p.  23. 

Pt.i-rinoftfi-tfin.  carin-iferus ,  sp-  "■ 
(Plate  XII.  Figs.  8-9.42) 


Shell  small,  subrhomboidal,  slightly  oblique;  greatest  length  fof 
body)  below  or  at  alwut  the  middle  of  the  valve  ;  length  from  one 
and  one-fourlh  to  one  and  one-fifth  ihe  height :  lower  margin  nearly 
even  elliptical  curve,  becoming  rather  rapidly  flexed  behind  (ill  its  di- 
rection makes  a  little  more  than  a  right  angle  with  the  hinge,  which  it 
meets  by  a  gentle  outward  curve;  anterior  margin  abrupdy  curved 
above  the  middle,  forming  an  angle  of  about  45°  with  the  hinge,  lo 
Ihe  deep  byssal  sinus.  Right  valve  slightly  convex;  hinge-line  straight 
longer  than  the  body,  ai-uie  at  liiith  cvtreiiiities  ;  beaks  low,  siiuaied 
at  about  ihc  anterior  ouL'-ihird :  pn-^terior  ear  or  wing  large,  triangu- 
lar, depressed,  but  nut  disiiiRily  outlint-d  from  the  valve,  anterior  e,ir 
acriiie.  prod  III  ed.  I.efl  v.dve  more  convex  i  beak  ^lightly  projectinj; ; 
surface  marked  by  rcgiil.nr  disinni  radiating  ribs  and  disialit  concentric 
folds,  producing  a  preity  ran.i'll  uion.  I'he  radiating  markings  c.f  ilu- 
right  valve  arc  less  cnspiciinu.. 

This  specieri  hns  a  dir-iiiui  Devonian  habit  Xndiiles  in  shale  .it 
Moot's  rim.  4]i  miles  west  of  fir.invillc. 

The  right  valve  i>  very  like  si.uk-  states  nf  I'lerinopecien  vertiini- 
nis.      The   resemblance    is  .lose   (o    I'l.    exfoliatiis,  but    the   ear  is   100 


lall  ii 


Pffrniiite.<  ( Lrpf'tfh'xiii'i]  ?  nh/ii/iiiu 
(I'late  Vll,  i-ig.  7:   Pkite  IV,  Figs. 


in  the  free-stone  of  the  middle 
It  oblitpiiiy  and  convexity.     The 
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anterior  projection  is  apparently  acute,  the  lower  margin  forming  an 
angle  of  3o°-4o°  with  the  hinge.  The  posterior  wing  is  imperfect, 
but  was  probably  slightly  produced.  Fig.  20  of  Plate  IV,  is  certainly 
wrongly  restored,  being,  without  doubt,  the  same  species  as  the  one 
first  referred  to.-  The  relation  to  certain  Chemung  species,  especially 
Pt.  inoptatus,  is  very  close. 

Lepfodesnia  (?)  scufella,  sp.  "• 
(Plate  IV,  Fig.  16.) 

A  number  of  specimens  of  a  little  shell  at  first  referred  to  Pteron- 
ites  indicate  a  species  belonging  to  section  umbonata,  but  apparently 
distinct  frotn  any  Chemung  species.  Sub-rhomboidal  or  nearly  semi- 
ovate,  anterior  wing  short,  acute ;  body  inclined  about  50°  to  the 
hinge  line,  which  it  about  equals  ;  posterior  margin  concave,  upper 
angle  produced,  beak  sub-anterior;  surface  gently  convex,  except  the 
j)Osterior  wing,  marked  by  cfjuidistant  lines  of  growth.  With  the 
above. 

Posidonimiya  iSfrebloptrrUi)  fra^llis,  ^v    "• 

(Plate  VI,  Fig.  i.) 

The  specimens  on  which  this  species  is  founded  differ  from  all 
Waverlv  species  and  .j11  others  known  to  me.  The  spt- ( ies  may  be 
compared  with  P.  laterugata,  but  is  less  alate  and  has  much  more  prom- 
inent beaks. 

The  wings  are  almost  too  prominent  for  a  member  of  the  genus 
quoted  and  the  presence  of  in«listinct  radiating  striae  passing  over  the 
coarse  plications  adds  to  the  incongruity. 

The  right  valve  is  broadly  oval  or  nearly  circular,  with  the  poste- 
rior ear  considerably  produced,  anterior  one  less  distinct  and  shorter, 
margin  below  the  ears  a  reniform  broad  curve  resembling  a  circle  ; 
surface  of  the  valve  rather  flat,  but  somewhat  suddenly  elevated  near 
the  beak,  which  is  acute  and  slightly  projecting  beyond  the  hinge  ; 
hinge  line  straight,  rather  short ;  surface  marked  by  distant  irregular 
folds  and   indistinct,  fine,  minute  radiatmg  striae.      Height   29   mm  ; 


greatest  length  3 1  mm      Found  at  Moot's 
ville.  ill  nodules  at  the  very  bottom. 


n.  four  miles  west  of  Gnin- 


w 


Promfir.ra  I?)  irnncatus.  »p.  1 
(Plate  III,  Fig.  30.) 


WiihotU  absolute  certainty  that  this  species  cm  be  properly  re- 
ferred to  Promacra,  il  remains  certain  thai  a  very  peculiar  spccits  ev 
ists  with  a  general  resemblance  etiernally  to  the  assemblage  so  desig- 
nated. Our  specimen  is  incomplete  and  doubtless  di>tor(<^d.  though 
the  jMTCuliarilie.s  ihuughl  to  be  due  to  pressure  may  be  inherent.  Shell 
elongate,  produced  anteriorly;  beaks  in  From  of  or  near  the  middle  ; 
strongly  convex  ( in  our  specimen  the  transverse  section  is  broadly  cor- 
date.)  Dorsal  margin  in  front  of  the  beak  straight;  hinge  extending 
a  short  disrani:e  behind  the  beak  ;  posterior  margin  very  oblique,  meet- 
ing the  nearly  straight  ventr.il  margin  at  n  very  atuie  angle,  xt  or  near 
the  lowest  part  of  the  shell ;  (.mierior  extremity  not  seen);  post  um- 
bnnsl  ridge  very  strong,  acme  ;  plane  of  the  post  iimbonnl  slope  at 
right  angles  to  the  sides  of  the  shell,  plane  or  soinewhai  concave,  giv 


ing  the  shell  a  curious  iruncHe  ap[ie:ir.uKe  :  surfa 
irrL-,:;i.ihir   furrows  anil  M\k.  wliich    in    pissing  ovi 
riilg,;  m.Tkc-  a  very  acute  .iu,;;k- ;  be.iks  iiicnrvcd  r( 

cc  marked  l>y  strong 
;r  the  p.>st   iinib<.n,il 
iihe  plane  -if  hinge: 

shi-ll  j;.ii>iiig  vviilely  behiml.  ai)p,irently  closed  or 
Allnwiiig   lorall  piokibledislonion    ihc   shell  s« 
oibers,      li  could  ni.i  have  been  so  evlended  anicr 
nor  as  sirr.ngly  niarki-d  as  P.  iiiisiifiis.  ihougb  son 
radi.itiiiu   siri,r  of  that  species,  which   ours  niosi 

nearly  so  anieriurly. 

iurly  as  /'.  ^„arr:-s,. 
te  indications  of  the 
:  resembles,   can    he 

riic    three  kii..Hii  spe<'ifs  arc   all  from  llic  s,i 
P.    mis.«u,'wis,s,    fn.m   the   sui.-c.irbonifernus   ro, 
iwsri/ris.  friiiii  (^l-.oie.iu    linu-siiiiic  of  the  same  sta 
{;Liiin,  while  1'.  :iiulrc»sj  «a>    found    liy  Meek,  in 

me  rchiive   horizon, 
ks   of   Missouri.     P. 
ite,  and  also    in    lid- 
the  U'averly   grotip 

of  ( Ihio. 

Lrh.p/rri-,    orl.mi,  ^P-  n. 

(I'Ulc  VN,  I'i-,  T.) 

Slu,ll  <.f  niedium  si/e,  (ri.ii.gularly  ovjte  to  si 

ibrhomhoidal  :   body 

obliquely  ovale,  length  consider3l)ly  exceeding  ilie  height ;  post  basal 
side  considerably  extended;  ear  straight,  almost  aciHe,  anterior  side 
obliquely  truncate;  body  making  an  angle  of  about  45°,  with  the 
hinge  tine.  Left  valve  shortest,  most  gibbous;  beak  one  fourth  from 
anterior,  rather  prominent,  but  not  incuri'ed,  ear  rather  convex,  with 
a  broad  shallow  byssal  sinus,  wing  large  flat,  the  posterior  margin 
meeting  the  hinge  at  an  angle  of  about  90°  or  more,  acute  at  the  very 
angle  only.  The  hinge  margin  is  greatly  thichened.  The  difference 
between  the  two  valves  is  slight,  the  beak  of  the  right  being  generally 
in  advance  of  the  other,  and  the  front  margin  is  more  uniformly  curved. 
Entire  length  of  hinge  linge  12  mm.  height  14  mm,  length  from 
beak  to  antero-ventra!  angle  19  mm.  Surface  marked  by  concentric 
lines.  This  species  somewhat  resembles  L.  rafinesquii,  H  ,  but  differs 
in  being  more  oblique  and  longer,  with  siraighier  and  longer  hinge  and 
less  produced  beak  and  siraighter  posterior  margin.  I.eptodesma  hec- 
tor is  somewhat  more  like  our  species,  but  exhibits  an  opposite  extreme. 
This  species  is  characteristic  of  a  zone  .several  feet  thick,  about  40  feet 
below  conglomerate  I,  in  connection  with  other  fossils  of  a  more  or 
less  Devonian  habit.  This  species  may  be  compared  with  1,.  lorreyi. 
but  is  not  so  produced;  it  also  resembles  Leptodesma  nereus.  Compare 
also  L.  naviforme. 

t 'Shell  of  moderate  siie;  sub-rhomboidal ;  body  narrowed  above, 
quely  ovale;  height  greater  than  length  at  hinge;  margin  strongly 
sinuous  ;  ears  rounded,  somewhat  depressed,  short ;  wings  broad,  ex- 
tended, acute  ;  hinge-line  straight.  Valves  nearly  similar,  left  valve 
rather  more  convex.  Right  valve  moderately  convex ;  body  diverging 
from  hinge-line  at  an  angle  of  about  45°  ;  wing  acute  ;  posterior  mar- 
gin strongly  concave,  postero- ventral  extremity  rather  sharply  curved  ; 
anterior  margin  abruptly  flexed  near  the  middle,  anterior  to  which  it  is 
gently  concave;  ear  rounded,  depressed.  Left  valve  with  smaller 
wing  more  convex,  especially  venirally.  Surface  of  both  valves 
marked  by  conspicuous  concentric  folds.  Hinge  with  a  decided 
groove  and  thickened  ridge.  Beak  of  right  valve  high,  but  not  pro- 
jecting dorsally,  that  of  the  left  valve  extending  beyond  hinge-line. 


Leioptena  halli,  'P-  "■ 
(Plates  VII.  Fig.  31,  Cf.  Fig.  32.) 


] 


Length  of  right  valve  from  beak  to  postero- ventral  convexity  i? 
mm;  hinge  (loslerior  to  beak  13  mm,  height  13  mm  ;  greatest  diame- 
ter (from  car  to  posiero-veniral  angle)  19  mm.  This  species  Is  inier- 
mediate  in  characters  between  L,  ertoni  and  L.  rafinesquii.  Like  ihc 
latter  the  wing  is  acute  and  the  posterior  margin  eJtcavMted,  hke  ihr 
fonner  the  body  is  very  oblique.     Top  of  freestone,  Granville. 

L.  halli  may  be  compared  with  Leptodesma  clitiis,  H..  but  is  noi 
BO  produced  behind  and  rather  less  oblique,  it  in  also  less  oblique  ihan 
L.  lepidum.  Perhaps  the  closest  resemblance  is  with  Leptodesma  ly- 
sander.  but  the  wing  is  not  so  exiended. 


Leiopteria,  ^■v- 

A  very  small  species  of  this  genus  was  secured  from  the  lower 
^aly  layers  at  Moot's  run.  probably  below  the  horizon  of  L.  ortoni, 
bill  which  more  nearly  resembles  L,  halli  in  the  acute  wing  and  exia- 
vated  jiusterior  margin.  The  species  is  known  only  from  a  single 
right  valve  with  a  short,  lobate,  obtuse  ear.  The  body  is  more  oblique 
and  nnrrower  than  in  either  uf  the  preceeding  species. 

Prof.  Hall  stntes  thai  only  lu'o  of  the  fifty-seven  species  of  l.qi- 
todesin;!  ch  i.iir  htlow  ilie  hori/tin   of  the  t:heniLing,  Leiopteria,  on  tin- 
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striKtiire  uf  ihi-  hinge  and  ears.  The  body  is  very  flat,  but  the  ante- 
rior ear  is  «  dl-dclr)e.l  by  a  stron-  rid-e.  the  mubonal  slopes  make.in 
anyle  with  each  other  of  about  60".  'I'he  jiosterior  lower  angle  is 
j.rodii.x'd       Snrfaif    Mi.uked  by  obs.-ure  folds  and   strife.       I.enj:lh 

ram.  Hk'  .i.n-iik-r.ihk'  ..hliquit)  and  ll.ituess  of  the  body  arc  the 
ohvinu^  tliir.t.  [LT-.  »lii.h  .irL-  iioli-fl  t'^pi'ciallv  because  the  '^liell  is 
foiirKl  ,11  a  hiL;lK-r  huri/on  ih.ui  (lio-.i'  previously  mentioned. 
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Myalina  mwhi^anensis,  Win  ? 
(Cf.   M.  swallavi.) 
(Plate  IV,  Fig.  6.) 

The  only  difference  between  this  species  and  M.  swallovi  of  the 
coal-measures  is  in  the  greater  size  of  the  protuberance  under  the  beak, 
but  Meek  says  specifically:  **This  species  (M.  swallovi)  varies  some- 
what in  the  size  of  the  protuberance  under  the  beaks;  in  some  indi- 
viduals it  is  well  developed,  and  gives  the  shell  much  the  form  of 
Modwla\  whil^  in  others  it  is  smaller,  so  as  to  present  more  the  ap>- 
pearance  of  a  Mytilus,^'  Perhaps  it  may  be  sufficient  to  indicate  the 
probable  genetic  relations  of  these  forms. 


Modlola  icaverllensis,  *^p-  "• 
(Plate  I,  Fig.  9;  Plate  IV,  Fig.  10;  Plate  VII,  Fig.  29?) 

(There  has  been  no  opportunity  to  consult  the  description  of  M. 
metella,  H.  so  the  possibility  of  agreement  with  this  Chemung  form 
is  not  excluded.) 

Nearly  like  M.  nevadensis,  Wal.,  but  less  elongate.  Transversie- 
ly  elongate,  narrowly  and  uniformly  rounded  anteriorly,  lower  outline 
very  gendy  curved,  posterior  end  rather  more  broadly  rounded  than 
the  anterior,  the  outline  above  diverging  rather  strongly  to  a  point  be- 
tween the  middle  and  the  posterior  third,  where  it  meets  the  nearly 
straight  hinge.  Beak  posterior,  somewhat  overhanging.  Post  uml)o- 
nal  slope  quite  well  marked  near  the  convex  umbonal  region,  poste- 
rior part  of  shell  rather  flat.  Length  somewhat  greater  than  twice  the 
width. 

A  number  of  casts  have  been  found  in  the  freestone  of  the  mid- 
dle VV^averly.  Those  specimens  preserving  the  shell  markings  differ 
slightly  from  the  cast  first  referred  to  and  have  fine  concentric  striai. 
These  may  indicate  a  distinct  species,  but  probably  the  apparent  dif- 
ferences correspond  to  the  different  states  of  preservation. 


(Plate  X,  Fig.   J  ) 


Shell  brne.  obliquely  ovate,  produced.  Beak  promincni.  nw 
projecting  much  btyoiKl  the  hinge.  Surface  quite  convex  tn  the  urn- 
bonal  region,  Ijccoming  tiauened  itostcriorly.  Lower  m.irgina  gemle 
curve,  verj' oblique  to  the  axis,  anterior  margin  strongly  con  vex,  f>ostcriot 
inaigin  a  gentle  curve  meeting  ihe  lower  line  acutely-  The  post-iimbonal 
region  expanded,  flat ;  untetior  umbonal  siope  raiher  abrupt,  fieaksan- 
Icrior:  nurface  marked  by  fjne  regular  stria:.  Our  single  specimen  is 
very  remarkable  for  the  strong  curvniure  "f  the  surface  lielow,  opposite 
Ihe  lieaka  and  flatness  of  the  posterior  ear.  This  mjy  be  due  lo  oblique 
pressure  as  the  opposite  valve  is  crushed  and  displaced.  Notwiih- 
standing  this  the  ovate  form,  large  ai«  and  position  serve  to  distin- 
guish it.  Length  63  mm;  height  50  mm;  convexity  oi'  both  valves 
about  as  mm  Collection  of  W.  F.  Cooiier.  Highest  layers  i  mile 
north  of  Newark. 


Srlih'iiJiis  I'lici 


(]-U 


.  viir?  (iri/ufilis.  n. 


Shell  of  r;iiliLT  l,irt;f  M/c,  moikT.itely  convex  ;  Iw.iks  proji-<  ring, 
r:ither  hij;h  ;  lentil  hli^hily  ^rL-nilier  than  ilie  height :  form  siih.iu.ui- 
r;Uc.  pr.Hlu.vd  .it  Uu'  lowi-r  pn^tL-r.or  :iiit;k-  ;  low^r  raai-in  iR-.irly  inii- 
fiirnily  .  nincN.  with  a  flight  sinu,  in  fri^u  of  the  p.isti-rior  angle  ;  |.o>. 
terior  inarj;ii)  nearly  stnighi  and  nuMriy  parallel  v  the  liingitiiilinnl 
axis  of  the  shell ;  .mierinr  margin  str.inyly  ruried;  .anterior  iinil,on;.l 
rid-t  rather  in.-niispiciiutis.  pnst-umbon.d  ridge  i.rominent.  in  from  of 
ir  a  raiher  deep  groove  eMcnding  fnnn  ihe  sinus  of  the  margin  to- 
ward the  lieak:  ]ji]st-iimlioii.d  slo|ie  rather  steep,  concave.  Surface 
marked  by  numerous  fine  loneeiUric  stria;  and  coarser  ridjjes.  The 
right  valve  is  most  convex  in  our  specimens.  Height  42  tnm  :  length 
48  mm;     (height  3S  mm  ;   length  43  mm.) 

|->eesi..iiec)f  miihlleW.iverly  at  (^rniiville,  and  6  miles  northwest, 
(.■ollccled  by  W.  F.   Cooper  .ind  f.   !..   Herrick. 

We  Lire  (onviixe.l  that  the  attempt  td  speciHcally  discriminate  the 
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AVaverly  from  the  Chemung  form  is  futile.  Hall  states  that  the  pres- 
ent species  differs  from  S.  chemungensis,  var.  quadrangularis  in  that 
the  base  is  more  broadly  rounded  and  ihe  anterior  portion  is  more  ex- 
panded below,  giving  the  shell  a  more  equilateral  appearance.  This 
is  not  appreciably  so  in  our  specimens,  though  considerable  variation 
is  seen.  The  close  relation  between  the  Chemung  and  Waverly  is 
here  obvious. 

Plate  IX,  Fig.  20  represents  a  form  still  more  like  the  (Chemung 
species. 

Schizodus  cimeuSf  H- 
f Plate  V,  Fig.  IS.) 

This  little  species  is  not  rare  in  the  freestone  of  middle  Waverly, 
and  may  be  easily  recognized  by  its  triangular  form  and  small  size. 

Schizodus  Dieditiensis,   Meek. 
(Plate  I,  Fig.  16.) 

The  figured  specimen  is  imperfect,  but  characteristic  specimens 
are  common  in  the  freestone  with  the  above. 

Orthonofa  rectidorsalis,  Win. 
(Plate  X,  Fig.   1  ) 

Shell  of  medium  size,  elongate,  moderately  convex.  Hinge  and 
ventral  margins  nearly  straight  and  nearly  parallel ;  beak  sub-terminal; 
anterior  margin  gradually  curved  to  above  one  half  the  height,  then 
abruptly  curved  and  slightly  concave  to  the  beak,  which  is  very  slight- 
ly elevated.  Posterior  margin  angulate  curved,  making  an  angle  of 
about  110°  with  the  hinge  line  and  passing  by  a  more  gentle  flexture 
into  the  ventral  border.  The  greatest  thickness  is  about  one-third 
from  the  anterior,  the  surface  is  evenly  convex  along  a  line  passing  to- 
ward the  postero  ventral  angle.  There  is  a  rather  dee])  groove  pass- 
ing parallel  to  the  hinge  from  the  beaks. 
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This  specirs  occurs  frequenily  in  the  shale  below  congl  11,  Iwt 
is  by  no  means  limiied  to  that  horizon.  Its  range  and  legitimate  lim- 
its of  variation  have  not  been  fully  studied. 

San^uinoJites  (OoiUophara)  sf/iilis,  »p-  "- 
(Plate  IX,  Fig.  Kg.) 

Cf.  SaiiguinoliUs  mnfaliis,  I)EKo>iiNCK,  anil  Goniophora  iuhruUv, 
Hau,. 

Shell  of  ralhcr  targe  sijic,  nearly  rectangidnr,  hinge  and  vemtal 
margins  nearly  parallel,  nearly  straight  and  nf  nearly  equal  lengiK 
The  antcH'ior  dorsa.!  margin  is  nearly  straight,  making  with  the  hinge 
an  angle  nf  aliout  i  io"  or  les=,  somewhat  produced;  ])Osterior  margin 
irunciie  :it  alxnn  n  right  angle  .tikI  again  ()l>lir|iicly  trunrate  ni  ihf  iip- 

in  most  ■.|,i.,iim'U.Tlu.  ].i.MiTu  inferior  tngk-  Jn  more  atiiie  .ind  jiro- 
Awv<\  th.m    in    (lu>  <iiu'   lig^ircil.  ihi.s  .i|.|.r..adiing  (1.  sni.rerta.   \\.\ 

innli^nal  ri.lge,  tin- ,L;R'.iii.-t  <  inivtvity  lunng  half  ivay  from  the  li^ak 
t(.  rlH-  pnsleru-vi'nir.il  angle,  (In  eiUu-r  side  of  the  ridge  the  surfice 
is  [.hin.e  fur  some  <lisl,ui.  e,  liiil  .uilerinrly  he.onies  ..in.  ave.  forming' .1 
hx<y.\'\  siil.-iis  iiassing  frmn  ihe  mi.Mk-  of  thi-  veninl  m.nrgin  tow^ird  ihe 
licik;  p.MiTinriy  Ihe  sLrfue  is  llu  for  a  r.msidord.le  distance  fmm 
the  npper  angle.  The  unilin  is  r;iihcr  prominent.  The  siirf.ire  i^^  or- 
nameiilrtl  uiili  >ery  pnnnineiit.  radier  irregul.ir.  close.  con<einrir 
lines,  which  arc  aiulelv  anuleii  ii|.i.n  the  umhonal  ridge.  Length  60 
mm:  height  j:;mni:  lie.ik  dist.int  from  the  anterior  about  i[  iiini. 
I'VHin.l  only  in  shales  lour  led  l.cluiv  ■onglomcrate  I.  near  (Iranville. 
(1.  In  s„me  specimens  the  resemblance  to  S.  citneatus,  Dekon.,  ■-p- 
Iir.KKhes  identity.  I'Voni  (loniophor;!  siil.re<ia  it  differs  chielly  in  the 
less  elevated  .interior  extremity  and  slightly  less  produced  inferopos- 
lerior  angle,  The  relation  is  so  <.|.vi.m,  that  "e  regard  thi^  shell  ,is 
increasing  the  ne\onian  chiiracter  of  our  division  I. 
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San^uinolites  marsJiallensis,  Win.  ? 
(Plate  V,  Fig.  :i  ;  Plate  VII,  Fig.  lo.) 

This  shell  bears  .some  resemblance  to  S.  transversus,  Dk.  (=  Cypri- 
cardia  rigida),  but  differs  in  the  posterior  margin.  Shell  sub-quadrate 
or  sub-ellipsoidal,  transversely  elongate,  with  greatest  convexity  above 
the  middle;  hinge  nearly  straight  and  somewhat  shorter  than  the  shell, 
at  its  posterior  termination  being  the  greatest  height  of  ihe  shell ;  ven- 
tral margin  shorter,  somewhat  concave  or  nearly  straight,  rapidly 
curving  anteriorly  to  a  point  above  the  middle  of  the  height,  where  it 
intersects  the  short,  concave  antero-dorsal  margin  ;  posterior  margin 
doubly  truncate,  first  below  for  two-thirds  the  height  by  a  line  inclined 
with  the  ventral  about  130°,  above  by  a  shorter  line  making  nearly  the 
same  angle  with  the  cardinal  line,  giving  the  shell  a  nasute  appearance 
behind.  A  prominent  ridge  passes  from  this  projection  toward  the 
beaks  and  a  similar  one  from  the  lower  posterior  angle*,  between  which 
a  decided  sulcus  is  frequently  observed,  especially  in  large  specimens. 
A  less  distinct  sulcus  extends  from  the  middle  of  the  lower  margin  to- 
wards the  somewhat  flattened,  incurved  beak.s. 

The  following  measurements  illustrate  the  proportions  :  Length 
22  mm,  height  ii  mm,  convexity  of  single  valve  3-4  mm;  L.  33  mm, 
H.  15  mm  ;  L.  28  mm,  H.  14;  L.  24  mm,  H.  12.5  mm;  L.  40  mm ; 
H.  18  mm. 

The  identification  as  above  was  made  at  the  suggestion  of  Prof. 
Winchell,  as  we  were  unable  to  harmonize  the  description  with  our 
specimens.  This  may  be  accounted  for  by  the  fact  that  the  descrip- 
tion was  drawn  from  rather  young  forms,  while  ours  have  the  peculi- 
arities strongly  marked. 

Free-stone  of  middle  Waverly.  Granville,  O. 

San^uinolites  unioniformis ,  Win, 
(Plate  IX,  Figs.  5,  7-9.) 

Quite  a  number  of  very  small  shells,  with  rather  constant  charac- 
ters from  the  basis  of  this  description.     The   interior  has  in  no  case 
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been  seen,  bui  ihere  is  at  least  a  close  resemblance  to  Winchell's  ape- 
des  as  gjlhered  from  the  descripiion. 

Shell  Kinall,  compressed,  elongate  elliptical,  with  nearly  pacallvl 
mai^ns  nnd  sulvterminal  beaks.  Rather  more  than  twice  as  long  as 
high,  height  nearly  the  same  anteriorly  as  posteriorly.  Hinge-line 
twO'ihirds  ihe  entire  length,  often  diverging  posteriorly,  sometimes 
shorter  ;  postcro-dorsal  margin  very  obliejuely  truncate,  curving  ranre 
rapidly  near  the  middle  uf  the  height  and  passing  by  a  rapid  curve  inu 
the  nearly  straight  ventral  margin.  Anterior  margin  rather  discincUv 
concave  almve  the  middle,  strongly  convex  bejow.  Beaks  minute, 
not  projecting,  near  the  front;  postcriorumbonal  slope  genlle,  no  well- 
defined  ridge;  shell  thin,  surface  marked  by  fine  lines  of  growth. 
I.engih  13  mm,  height  5  s  mm  ;  hinge-line  8  mm  ;  beak  2  mm.  from 
anterior.  Shale  4  feet  below  Congl.  I,  at  the  ■■  Dug-way."  Gtinvillc. 
Ohio.     No.  1^72. 


SangtUnolitca  (Sphenotiist  transnersu^.  I>fi">nin 

Sanguinoliie'!  (Cypric.irdia?)  rigida.     W.  and  W. 
(I'bte  IN.    Kip,    23.) 


l)ors,i 
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IS   which  crosses  the  shell    from 

beak 
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This  species  is  found  rarely  in  ihe  shales  below  the  ccfngl.  I. 

There  is  an  a /r/i?r/ improbability  that  this  species  exists  in  Bel- 
gium as  well  as  in  America,  but  the  identification  of  Dekoninck  is 
positive. 

San^ivinolites  iSphenotus)  contractus,  w.  \v. 

(Plate  XII,  Fig.  4.) 

A  form  idt^ntified  with  this  Chemung  sptxies  is  found  in  shales  at 
Moot's  run,  in  the  nodule  layer,  ht-nce  perhaps  sixty  feet  below  the 
horizon  of  S.  rigid us=:transversus.  From  that  species  it  differs  in  be- 
ing less  robust,  longer,  less  rigid,  and  in  having  less  obtuse  post  infe- 
rior extremity. 

The  group  of  species  here  associated  is  a  very  intimate  one  and 
the  specific  distinctions  may  prove  illusory. 

SangiUnolites  (Sphenotus)  flavins,  n  ? 
(Plate  IX,   Fig.    10.) 

The  resemblance  between  Sp.  valvulus  and  Sp.  flavius,  as  fig- 
ured by  Hall,  is  so  close  that  one  would  be  tempted  to  combine  them 
unless  full  suites  attest  their  autonomy. 

Our  specimens  vary  considerably,  and  in  the  surface  characters 
resemble  Sp.  flavius,  but  often  have  more  the  oudine  of  Sp.  valvulus. 
The  resemblance  to  small  forms  of  San^utnolites  naiadifonnis  is  great. 
From  S.  unioniformis  with  which  they  are  associated  they  may  be  dis- 
tinguished by  the  greater  size  and  more  produced  posterior  margin. 
Length  48  mm;  width  18  mm. 

Specimens  found  only  in  layer  of  shale  a  few  feet  below  con- 
glomerate I. 

Sangiiinolites  iGlossites)  amy^dallnus,  Win? 

This  species  is  apparently  represented  in  our  collections,  but  not 
in  specimens  in  suitable  condition  to  describe.  Its  position  is  in  the 
shale  below  congl.  I. 
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Tliis  species  has  twen  a  puiale  lo  mc,  but  Prof.  VVincheli  suggcsls 
that  it  is  hrs  S.  mir.higanetiMS.  The  place  and  date  of  publicaiinn  oT 
this  species  are  unknown  to  mc.  The  resemUance  is  rather  with 
Pleurophorus  nr  G'>niopbora  a]iparenily,  Fmind  in  the  shale  helo* 
congloineryle  II.  at  Newark, 

San^tiinotites  ntiiliui,  M'-tli. 

(Plate  VII!,   Figs.   I.  n.) 

This  sjwtics  is  cvidi-ntly  causing  some  confusion.  Walcoti  fig- 
ures specimens  under  this  name  from  the  Eureka  districi,  which  arc 
ai  IcJsi  very  dOHblftit.  Oiir  own  specimens  do  not  present  entice 
j))^eenieiit.  bui  .ire  not  well  preserved  ;  they  are  derived  from  the 
ihales  Ijelow  congl.  II,  with  Allorismu  wiiichelli.  Meek  asserts  thai 
>e  stratum  referred  to  is  upon  the  same  horizon  with  that  of  the  Cuy- 
ahoga shale.  In  as  nuuh  as  there  is  some  reason  to  doubt  lhi<  or  w 
s  highci 
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Sanguinolites  naiadiformis,  Win. 
(Plate  IV,  Fig.  2.) 

''Length  2j4  the  height;  laterally  flattened  below  the  umbo; 
dorsal  and  ventral  margins  parallel  or  nearly  so,  the  ventral  sometimes 
with  a  broad,  shallow  sinus  extending  upward  over  the  valves  and 
vanishing  near  the  umbo;  a  distinct  umbonal  ridge  flattening  out  near 
the  postero-ventral  angle,  at  which  place  the  outline  presents  a  round- 
ed angulation ;  postero-dorsal  slope  making  with  the  dorsum  an  angle  of 
45°.      Length  2}^  in  ;  height  14-16;  thickness  j4  in.'* 

The  specimen  figured  is  less  typical  than  others  from  the  free- 
stone in  that  it  lacks  the  ventral  sinus.  Length  75;  mm  ;  height  28 
mm;  convexity  16  mm. 

A  variety  rather  more  common  than  the  typical  one  has  the  um- 
bonal ridge  more  prominent  and  the  anterior  ventral  curve  more  con- 
vex. Several  specimens  measure  about  as  follows :  Length  7S»  63, 
66;  height  28,  24,  26  ;  convexity  20,  17,  18  ;  length  of  lunule  15,  13, 
13.     This  form  extends  into  congl.  II. 

A  small  specimen  from  the  shale  below  ccngl.  I,  closely  resem- 
bles the  above,  but  is  smaller,  measuring  36;  height  17;  convexity 
9  (9);  lunule  8.     Plate  IX,  Fig.  3. 

Allorlsma  (SanguLfiolites)  nohilis,  Oekoninck. 

(Plate  X,  Fig.  5.) 

Very  large,  elongated,  expanded  and  somewhat  angulated  poste- 
riorly, nearly  three  times  as  long  as  high  at  the  hinge,  rather  flat, 
greatest  convexity  near  the  middle  of  the  valves. 

Hinge  line  nearly  straight  and  almost  parallel  with  the  very  slight- 
ly curved  lower  margin  ;  beak  between  1-4  and  1-5  the  distance  from 
anterior  margin,  which  is  nearly  straight  and  extends  a  little  more  than 
half  the  height  of  the  shell,  forming  a  rather  acute  angle  ;  posterior 
"margin  nearly  evenly  curved  or  doubly  sub-truncate.  Surface  marked 
by  very  strong,  irregular,  concentric  ridges.  The  post-umbonal  ridge 
is  near  the  hinge  and  is  very  slightly  elevated,  below  it  are  two  still 
fainter  ridges  passing  from  the  beak  to  the  lower  posterior  angle  and  a 


point  half  way  to  the  point  wliere  the  umbonal  ridge  lerminaies.  The 
single  specimen  -seen  is  a  little  imperfect  so  the  curvaiure  of  the  bwk 
could  not  be  certainly  seen.  This  shell  is  as  large  as  <4.  suhcunrak. 
which  it  greatly  resembles  in  surface  characters,  but  the  presence  of 
the  Pleurophoriis-Iike  ridges  and  slightly  angled  poslerior  margin,  ami 
less  convexity  serve  to  readily  distinguish  it. 

Near  the  top  of  free-stone  at  Granville,  collected  by  W.  F.  Cooper. 

This  shell  is  apparenllv  identical  with  S.  nobilis,  the  only  differ- 
ences noted  being  the  slightly  greater  anterior  projection  in  our  speci- 
mens, which  are  thus  rather  longer. 
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AUf)ri»m-(h  cooper U, 

(Plate  VI,   Figs,  k 


Shell  of  medium  to  large  size,  rather  fiat,  expanded,  and  short- 
Very  little  more  than  twice  as  long  as  high ;  middle  region  evenly 
convex  ;  beak  not  prominent,  gendy  incurved,  situated  near  the  junc- 
ture of  middle  and  anterior  thirds.       Hinge  and  lower  margins  nearly 


parallel,  latter  gently  curved.      Anterior  margin  ratlicr  lo 
concave,  meeting  the  lower  margin  below  the  middle  at  ; 
duced  iingle.      I'osteri'ir  margin  paralmlic,  nearly  equally  ( 
and   liL'hiw.      The  hi'ii;ht  is  nearly  tlie  same  at  the  anteric 
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our  speci 
.he  hinge 
has  no  hi 

nens  forbids 
int-  and  not 
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dis 

atice  o 

f  be.ik    from 

rnm  the  u|.per  layers  of  ihe  free  stone  have  been 
nt  ch.ir.ictcrs.  (.'ollected  by  W.  ]■'.  Cooper,  ai 
L  (■    i,.  H  ,  north  of  the  "  Dug-way  ■" 

lluri-^uut  'ri„rlu-lli.  Meek. 

(I'lateVIII.   li8v2-4.) 
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inch  conglomerate  above  the  quarry  rock  in  the  south  Ne.vark  quarry. 
It  is  here  associated  with  /4.  ventn'eosa,  Eimondia  sp.  Sanguinchtes 
obliquus,  and  Proihyrus  m»ki. 

The  following  measurements  illustrate  the  range  of  variation  at 
this  place : 

"Si     -^i 

.  i  ' 


'9 


- 

■»" 

jo"    5 
3°    ■* 

40" 

-"    I 

J8° 

4 

37° 

'3      4 

Allorisma  winchelli  has  once  been  found  in  shales  above  congl.  I, 
showing  that  it  was  continuous  throughout  the  period  during  which 
the  free-stone  was  deposited.  The  animal  lived  buried  in  the  mud, 
and  is  found  with  the  valves  in  connection  oblique  to  the  lamination, 
and  only  in  rocks  which   were  originally  mud  of  the  shallow  bays. 


Allorisma  I'entricosa,  Meek. 
(Plates  VIII,  Fig.  6;  Cf.  Plate  VII,  Fig!  33.) 


Our  specimens  differ  considerably  from  Meek's  description  and 
also  among  themselves.  The  one  figured  expresses  the  extreme  de- 
velopment of  the  tendency  of  the  species,  being  .shorter  and  more 
abrupily  curved  antero-vcntrally  and  with  more  prominent  Iieaks  than 
others.  A  welt  marked  ridge  marking  off  the  aniero-umhoniil  slope 
is  especially  characteristic. 

Length  34(24);  height  29  (19);  thickness  18(13);  height  at  J'j 
from  posterior  2z  (15);  thichness  at  same  point  13  (10);  s 
5;  angle  of  pos I ero- ventral  margin  with  hinge  line  about  56°. 
1  parenthesis  are  of  another  specimen. 


Shell  of  midium  size,  ijiiite  tumitl,  with  parallel  margint;  and  nu- 
tnernus  fine  strix.      Length    nearly  a J^  limes  the  height;  hinge  and 
lower  margins  parallel   and  of  equal  letigiti;  lower  margin  abruptly 
rounded  to  the  middle  of  the  height,  passing  sharply  into  the  concave 
antcro-dorsal    tine;  liinclic    well    defined;    posterior  margin   broadly 
rounded  with  slight  angulation  at  the  termini  of  two  faint  ridges  be- 
tween the  posi-innbonal  ridge  and  the  hinge;  surface  highest  near  the 
middle,  flattened  j)u^tero-dor&ally  ;  pust  umbonul  ridge  faint,  the  supra- 
umbon.'U  ridges  inconspicuous,  liut  producing  slight  deviation  in  the 
numcTuus  and  regular  concentric  stria:.     The  cast  shows  a  long 
nnl  groove.     This  shell  is  some  respects  a  miniiiiure  of  A.  nobil 
is  much  more  convex.      I'hc  radiating  strife  characteristic  of  A1I< 
may  be  detected  upon  the  cast.     From  A.  wincheili,  which  it  e 
reaembleR  tu  sixe,  it  may  be  distinguished  by  the  )>arallel  sides  and  ihi 
form  of  the  posterior  margin.      From  oil  other  forms  of  this  age  i(  v 
rcLidily  he  disiingiiif.hL'd.      Lctigth  57  mm  ;  height  23  mm  :  beak  fn 
Ihf  front  10  nun  ;   (■oin,.-\ily  of  bmh  vnlvcs  about  15  mm.      1-rcf  sH. 
lavc-rs  of  middle  WlivxtIv,  6  miles  ^„r[h>ve^t  <.f  (Ir.invilie.      folk',  1 
bv  W.   l--.  Cooi.L-r. 


but 


ily 


Mfiriwloii  ??  tiiaii'juhtris.  ' 
(I'laic  VIII,   Fii;.    S.) 
A  silicic-  rij;hl  wiUx-  diliVr-  -o  fr.irn    Ldl  awK 


1  for  Ills  1 


lilllL- 


-..■l.n 


jitomincnl,  siiiiiLivhat    imurvcd;   liinijL-   ;ip|iarenlly   tlevcd  at  nearly   a 
right  angle  at  ihe  beak,  iinierior   margin    iieaily  straight,  meeting  ilie 

oblu>e  imc  uidi    iIil-  1  urvfd  liint;L'    line;   po^ii   imiboiial  sloi>t'    narnin, 
surface    m.irkt-d    liy    ( (im.enirii    >iriiL-  and    folds ;  greatest    cinui'Miy 
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above  the  middle.     Length  41    mm;  height  35  mm.      Free-stone  of 
upper  Waverly.     The  hinge  characters  are  unknown. 


Mwrodon  reservatus,  Hall. 
(Plate  IV,  Fig.  14.) 

This  species  is  ct)mmon  in  the  free-stone  of  middle  Waverly,  but 
neither  of  our  figures  gives  a  lypical  form.  Fig.  14  is  abnormally  ele- 
vated behind.  Fig  4  of  Plate  X,  is  a  small*  variety  with  beaks  more 
central  than  usual.     See  Modiomorpha,  below. 

A  typical  specimen  is  sub-quadrangular,  i  /4  as  long  as  high,  flat, 
and  finely  marked  concentrically.  The  lower  margin  is  a  very  shal- 
low elliptical  curve  ;  postero-dorsal  slope  slightly  inclined,  nearly  plane; 
hinge  line  behind  the  beak  nearly  straight;  posterior  margin  making 
with  it  an  angle  of  about  120°,  very  slightly  curved,  anterior  margin 
slightly  concave  forming  an  angle  of  nearly  140°  with  the  hinge,  an- 
tero-inferior  projection  rather  abruptly  rounded.  Hinge  in  our  ca.sts 
showing  only  a  shallow  groove  before  and  behind  the  beak.  The 
generic  reference  is  unsatisfactory. 

Graimnysia  rhornhoides.  Meek. 
(Plate  VIII,  Fig.  12  ?) 

'I'ypical  specimens  are  freijuent  in  the  free-stone  of  middle  Wa- 
verly. (Our  figure  is  from  an  unusual  form  which  may  not  repre- 
sent this  species. ) 

The  relations  of  the  associated  form  figured  on  Plate  IV,  Fig.  i, 
are  unknown. 


Gamnn/sia  hannihalcnsis,  shum. 

This  species  is  not  very  common  in  the  free-stone  of  middle  Wa- 
verly. Certain  forms  of  Paluioneilo  elliptica  are  are  freijuently  mis- 
taken for  it.  Fig.  13,  of  Plate  IV,  is  apparently  a  fragment  of  this 
species. 


t 


Gramniyaia  ventricosa,  Meili. 

Fine  iypii;al  specimens  are  found  in  the  Allorisma  layer  belon 
co"glomeraie  II.  especially  at  Riishville.  See  Pal.  O.  Vol,  11;  also 
doubifiilly  iileniified  from  ihc  frec-slone  below  this  horUon,  ai  Newarlt 
and  Granville. 


Grftmniifsiii  sft. 
(Plate  XII.  Fi;;.  .■(, ) 


This  small  species  has  somewhat  the  aspect  of  an  Edmondia  and 
has  not  been  carefully  studied.      From  the  nodules  at  Moot's  run. 


Moiiinmnrpha  hyalea.  H.  ? 
(PUlc  X,   Fig.  4.) 


This  iden 
more  the 

ifica 
aspe 

l-r.-L- 

ion  is  provisional.      Ovirspecii 
•t  ofa  (Ir.inimysia.     The  spec 
^111(1  ih'.'  form  hert'  figurt'd  ap 
toiR'  111    mid. lie  \V.neriv, 

Edmoudiii  'IvprrsM,.   H 
(Phire  Vllj,  Fig.   5) 

>^liell  thin,  siihiiiuidrate,  mily  moderately  ronvex,  umhoue';  prom- 
ineiu.  beaks  Liiciirved,  a|iprnxiuiate.  near  the  front  marfiin,  Hinye 
lino  straight,  eipi.il  tu  over  oiK-lliird  the  entire  length  i  post  umlion^il 
ridge  raiher  prominent,  extending  to  poslero-veniral  anyle  ;  jiosi-um- 
bonal  slope  bisei.red  by  an  indistimi  ridge  extending  from  the  umbo; 
jire-umbonal  slope  narrow ;  iMisicrior  oitdine  nearly  straight,  meeting 
(he  hinge  line  at  an  angle  of  about  1 1 1  °,  jiassing  mto  the  low  er  nui- 
line  by  an  abrii]>t  rurvc;  lower  line  nearly  |)arallel  lo  the  hinge,  curv- 
ing verv  rn|)iillv  lo  iis  jvmciion  iviih  ihe  rather  straight  front  niargin, 
which  make-,  nearly  a  right  ,ingle  with  the  hinge.  Surface  covered 
wiih    line  Mmreniric   stri^v  and   coarser   folds  i.arallel  to  the  marair.. 
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Our  specimen  gapes  posteriorly  and  below,  but  probably  the  edges 
naturally  apply  all  around.  Greatest  convexity  upon  the  post  umbo- 
nal  ridge  abont  one-fourth  the  distance  from  the  beak  to  posterior 
angle.  A  shallow  sinus  extends  from  the  umbo  to  the  middle  of  the 
lower  margin.  Length  31  mm,  height  22  mm,  thickness  14  mm,  beak 
about  7  mm,  from  anterior  margin,  hinge  23  mm.  AUorisma  layer, 
below  congl.  IL  at  Newark  and  Rushville.  Not  having  access  to 
Prof.  Hall's  description,  I  am  unable  to  make  direct  comparisons,  but 
have  no  doubt  that  this  is  the  species  in  question.  The  comparison 
with  E.  tapesiformis,  Meek,  reveals  many  differences,  that  species  also 
seems  to  come  from  a  different  horizon. 


Edmondia  huj^lln^toncnsis,  w.  and  w. 
(Plate  IX,  Fig.  27,  Fig.  17  (.?);  Plate  IV,  Fig.  t8.) 

Our  species  is  doubtless  the  one  generally  identified  with  E.  bur- 
lingtonensis  and  Prof.  Winchell  has  made  direct  comparison  of  our 
forms  with  Iowa  types  and  sustains  the  identification.  There  is,  how- 
ever, a  wide  range  of  variation  in  specimens  on  the  same  slab,  the 
majority  being  almost  like  E.  radiata,  H.,  in  form.  The  original  de- 
scription runs  as  follows : 

**  Shell  of  medium  size,  broadly  subelliptical  in  outline,  with  reg- 
ularly ventricose  valves,  breadth  equal  to  three-fifths  of  the  length. 
Beaks  situated  within  the  anterior  third,  strong,  prominent,  and  in- 
curved. Hinge-line  and  basal  margin  gently  and  equally  curved  ;  an- 
terior and  posterior  extremities  broadly  and  equally  rounded.  Surface 
marked  by  numerous  strong,  concentric  undulations,  parallel  to  the 
margin  of  the  shell.  In  full-grown  individuals  there  is  a  shallow,  un- 
defined sulcus,  commencing  near  the  centre  of  the  shell,  and  reaching 
the  border  near  the  middle  of  the  base."  **  Differs  [from  E.  radiata] 
in  having  the  posterior  extremity  narrower  than  the  anterior,  instead 
of  much  broader;  and  also  in  the  concentric  undulations.'' 

After  an  examina*ion  of  perhaps  fifty  specimens,  all  from  the 
same  bed  within  a  few  inches  of  each  other  (vertically),  we  observe 
the  following  nearly  constant  differences.  The  posterior  part  of  the 
shell  is  higher  than  the  anterior ;  sulcus  well-defined ;  posterior  mar- 
gin much  more  broadly  rounded  than  the  anterior  and  obliquely  sub- 


e  above  ;  finally,  we  are  not  sure  the  hinge 
Edmondia. 

To  all  appearance  our  specimens  agree  with  the  smaller  fonn  fig- 
ured in  Vol.  V,  Pal.  N.  V..  Part  I,  under  the  name  Macrodon  ovaius, 
though  its  relation  to  the  typical  larger  form  is  less  obvious.  In  some 
of  our  specimens  the  iceth  of  Macrodon  were  doubtfully  observed. 


Ctenodonia  (.i\'ucitla) 

{Plate  I,  Figs.  14,  17) 

,\  nuculoid  shell  resembling  the  one  quoted  is  very  common  ih 
the  layer  below  congl.  I. 

Shell  small,  triangularly  subovate,  quite  venlricose.  Beaks  about 
one-fourth  or  less  from  the  anterior,  prominent,  acute,  and  incurved, 
Hinge  abruptly  bent  at  a  little  less  than  a  right  angle  with  about  10 
posterior  and  4-5  anterior  teeth,  anterior  margin  obliquely  truncate; 
lower  margin  a  nearly  regular  semi-ell ipcical  curve.  Surface  marked 
by  numerous  plic-p,  espwi.iljy  near  the  margin,  where  the  eptdcrmi! 
is  thickened.      I.cnsil:  10-5  mm.  height  8  mm,  thickness  6  mm.  (?) 


CI<-n<ulo„tn.  'Xurnla  s/c/Ia.  Win. 
(I'bie  IX,  Fig.  14,) 
"Shell  v^-iy  '.m.-iU.  >.-lllpli(-uv,,te,  willi  sub-rcntral  beaks.  Ante- 
rior i;ariliii.n!  Mupc  arclK-d,  p.l^t^-rlu^  m.'arly  >lr;dght  ;  eMrciiiitius  r.iiha 
,shar|ily  rutmdeil;  M-nir,d  >ide  suiui-clli|Jtic.  .Vnlerior  liiiige-j.late  wiih 
17  miniHc,  .iiiit,^  t.flli  ;  ]jn-t<.Tiur  »  ith  i1>l-.  l!eak^-  .t  iialf  aut-nuntol 
near  the  lAIU'iuilv,  <  i[rve<l  in»,ir.l>    Ami   b:irk«-,)rds.      Shell  lliin,  nilli 


dclic 


shaIe>belo«'  conj/l.  1. 


rfnno-loiila  i^Vricuho  JioiigiUoni,  '^ 
(I'latc  V,  ri-.   17.) 


t  equal  to  ^ i  the  length; 


^ 
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beaks  rather  prominent,  incurved,  situated  over  ^  from  the  front 
margin;  ventral  margin  rather  evenly  curved;  posterior  margin  ellip- 
tical ;  anterior  margin  curved  abruptly  below,  but  passing  by  a  nearly 
straight  line  to  meet  the  produced  hinge  at  nearly  right  angles.  The 
escutcheon  is  well  defined  by  a  strong  post-umhonal  ridge  ;  lunule 
well-marked.  Greatest  convexity  near  the  middle ;  surface  covered 
with  fine,  close  lines  of  growth.  Length  10  mm  ;  height  7  mm, 
thickness  4.5  mm.  The  state  of  preservation  forbids  positive  identi- 
fication. 

J^uculana  (Leda)  spatulata,  sp-  "• 
(Plate  IX,  Fig.  11,  (12?)   Plate  VII,  Figs.  35.) 

Shell  elongate  oval,  broadly  expanded  anteriorly,  acute  behind; 
beaks  small,  slightly  prominent,  acute,  about  seven-twentieths  the  en- 
tire length  from  the  anterior  margin  ;  hinge-line  rather  strongly  con- 
cave; teeth  (if  present)  small  ;  anterior  margin  forming  a  bold,  uni- 
form curve,  reaching  nearly  as  high  as  the  beaks,  with  its  greatest  an- 
terior projection  above  or  near  the  middle;  lower  outline  gently  con- 
vex, nearlv  attaining  the  hinge  posteriorly,  but  separated  from  it  by  a 
short  truncate  posterior  margin.  Greatest  convexity  about  one-third 
the  height  of  shell  from  the  beaks;  umbonal  ridge  with  a  sudden,  but 
gentle  slope.  The  surface  is  marked  by  very  numerous,  fine  lines  of 
growth — about  six  occupying  the  space  of  i  mm,  in  the  shells  meas- 
ured. Length  [i]  20,  [2]  17,  [3]  16.5  ;  height  [i]  9,  [2]  7,  [3]  8  ;  dis- 
tance from  beak  to  front  [i]  4»  [2]  3,  [3]  3  ;  height  of  beak  above 
longest  transverse  axis  ]i]  7,  ]2]  6,  [3]  5.  From  Leda  bellistriata  of 
the  coal  measures,  which  it  greatly  resembles,  it  differs  in  being  more 
expanded  anteriorly,  and  having  the  most  convex  part  of  the  anterior 
margin  higher  than  the  middle.  Shales  below  congl.  I.  It  is  possible 
that  this  is  Dr.  Stevens'  species,  if  so,  however,  its  identification  in  the 
coal-measures  must  be  regarded  as  erroneous. 

Jfiicidana  iLeda)  siinllis,  sp-  "• 
(Plate  IV,  Fig.  15.) 

Shell  large  size,  elongate,  twice  as  long  as  high,  rather  flat ;  beak 


BCIxrtlK   or    TDE    UBORATuRIES 
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quite  jcuK,  Nibrr  prominent,  cttrvH  jotchiwly.  about  ttro-lir<hs  the 
entire  length  from  ibe  front,  hinge^ioc  gently  curved  posteriorly,  with 
ttbout  ten  lecth  ;  Anterior  loirgia  a  gcnite  curtc  with  the  focus  in  the 
tower  nur]gin  in  front  of  the  miildlc:  tower  m.irgin  nearly  straight  be- 
hind, earring  more  rapicUv  as  it  Approaches  the  front;  posterior  i>an 
Oif  the  ^cll  norraw  ;  the  greatest  elongation  anteriorly  is  near  the 
jtKHiure  of  tne  kiwef  and  anterior  margins  Judging  from  the  cast 
!hc  shell  wjs  verj-  thick,  no  markings  being  preserved.  Length  15 ; 
bright  t;:  width  ^^  (?}:  beak  to  front  9  ;  height  of  beak  ubove  long- 
est axis  fi  tnm- 

This  is  apparently  the  species  identified  by  Prof.  Hall  [t'.il,  N,  Y. 
Vol  v.]  with  N-  pandoriforniiii,  Stevens  The  original  description  of 
l>r.  Stevens  seems,  however,  to  forbid  the  reference- 


JlTuculiina  *Leda)  mcraf^i.  Win.? 
iPlatclX.  Fig.  ■>> 


1  frnm  ihe 


r.,!.,.;.)„il..  'lliplicus. 


Slicll  iii>Hkr.iitl\-  liii,  k,  i.riili.iMy  gaiiiny  somewhat  l.diin.l.  vtroii-- 
y  .1)1,1  i-\Ltil\  ^,..m\;  i.Ni]iiic  lu-.irlv  i.trfectly  ellii)li.'al  ;  liiiit;,.-  line 
■vurii>h.v  ni  11.. [U  ul   til  •  ^.■.lk^.  c.>i.vi-\ly  L-urved  posteriorly  aiul  uoii- 

-ehiii.l:  iK-ik-    ,ili.>iil  uiK--lhira    to   (hrce- fourths   the   leii-lh    Irnm    the 

iroiiiitiiriit,  |np-[  iinil">n.i]  -i,i|>e  Lniue\.  iiarallcl  to  the  hinge-line  ;  jire- 
imljfirial  -li>|ie  very  -[eep.  tile  iinibuLi.ii  ridge  liciiij;  concave  upw.irds  ; 
o«er  tii.iiiiiii  a  iinilorm  -h.illoM-  curve;  anterior  and  posterior  outlines 
lr..rii;ly  an,l  .iinil.trly  i.-iirved.  Su.Uce  of  valves  marked  by  lew.  di*^- 
ant.  very  ]iruiiiineiu   ciniceturic   ribs,  the  intervals  being  flat  or    ton- 


n 
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cave,  and  finely  striate.     About  twelve  of  the   ribs  are  found  on  a 
shell  of  moderate  size.     Greatest  convexity  above  the  middle. 


Be'k  fr'm 

Heigtat^i 

Number   of 

Length  to 

Length. 

Height. 

anterior. 

from    post. 

Width. 

ribs. 

height. 

^3 

12 

7 

10         !     8(?) 

12 

2-1 

24 

H 

12 

12 

1. 7-1 

22 

11 

7 

10 

s-6(?; 

11-12 

2-1 

ih 

8 

5 

7 

10 

2-1 

18 

10 

5 

9 

10 

1. 8-1 

21 

12 

6 

10 

12 

1. 7- 1 

1 1 

^>-5 

3 

5-5 

4 

6-8 

1. 6- 1 

Three  varieties  may  be  recognized  by  the  character  of  the  stria- 
tions  and  these  seem  to  be  independent  of  size  and  may  be  worthy  of 
specific   distinction,  though    intermediate   gradations   connect   them. 
One  variety. 

Var.  plicatella 

has  coarse  folds  or  ribs  separated  by  wide  intervals.  A  shell  13  mm. 
long  and  8  mm.  high,  has  only  eight  costal.  The  youngest  specimen 
seen  is  only  5  mm.  long  and  3.15  high  and  had  but  five  or  six  costae. 

Var.   elegantula 

does  not  differ  in  proportions  or  hinge  structure,  but  a  shell  14  mm. 
long  and  9  mm.  high,  has  twenty  costai.  A  larger  specimen  29  mm. 
long  and  15  mm.  high,  has  about  25  ribs. 


Var,  allor  187)11  for  nils 

has  the  beaks  a  little,  farther  forward  and  the  intermediate  striolations 
are  nearly  equal  to  the  costae,  causing  the  shell  to  resemble  allorisma. 
This  species  has  given  us  much  trouble.  All  the  varieties  herein  de- 
scribed possess  the  hinge  characters  of  Palaioneilo,  which  Cardina  con- 
centrica  is  said  by  Winchell,  emphatically,  not  to  possess.  Neverthe- 
less, specimens  of  the  present  species,  which  failed  to  exhibit  the  teeth, 
were  regarded  by  Prof.  Winchell  as  Cardinia  concentrica.  Either 
there  is  a  species  in  Michigan  exactly  like  ours,  but  without  the  teeth 
or  in  the  examination  of  hundreds  of  specimens  we  have  not  hap- 
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pened  upon  a  typical  example  of  Cardinia  concentrica.  Many  sutes 
of  preservation  conceal  the  leeih,  but  in  every  case  the  fojm  and  char- 
acters could  be  exactly  duplicated  in  specimens  with  the  hinge  so 
broken  as  to  reveal  their  casts.  This  species  labeled  by  Meek  Palton- 
ilo  concentrica.  Win.,  indicates  the  prevailing  opinion  in  Ohio  as  lo 
the  state  of  the  case,  yet,  for  the  present,  it  may  be  well  to  apply  a 
a  new  name  devoid  of  ambiguity.  The  species  ranges  from  the  shale 
below  congl.  I,  to  the  concretionary  !ime-stones  and  sandy  layers  40- 
50  feet  below.     The  young  are  short  and  mucubform  with  few  leelh. 

Note. — PalitoHtih  truntata  H  ,  is  the  species  described  by  ^Vin- 
chcll  as  Sanguinolites  marsh  alien  sis.  Hall  stales  that  the  interior  wa; 
not  seen.  Fig.  43.  of  Plate  L.  Pal,  N.  Y..  Vol.  V,  Part  II.  referre.1 
to  P.  sulcateria,  Con.,  is  probably  the  same,  thougb  unusually  short. 

falteentilo  sulcateria.  Con.,  is  regarded  as  a  synonym  for  P-  bar- 
risi,  W.  and  W.,  Nucula  hubbardi.  Win.,  and  I.,  nuculifonnis,  sieveoi. 
This  we  have  failed  to  identify  or  have  regarded  as  an  extreme  varia- 
tion from  P.  elliptica.  Hall's  figures,  stated  to  have  been  drawn 
from  Ohio  specimens  in  ]iart,  agree  with  the  last  named  species. 

Pnlaeoneilfi  altemtata,  " 

(Plate  l.\,  Fig.  25.) 

SIk-11  very  thin,  ua.Tooiis;  valves  slightly  gaping  bL-hind.'  ,-om- 
pressfd.  t-ijual  ;  outline  subrectanguhir,  produced  posteriorly,  hinge- 
line  strnighi.  extending  scarcely  forward  of  the  be.iks.  with  ui.iny  mi- 
nute teeth  in  two  series,  which  arc  not  in  the  same  straight  line  at  their 
union  under  die  bc.iks,  ligament  apparently  external  ;  anterior  mar- 
gin strongly  and  evenly  curved,  extending  nearly  one-fourth  the  en- 
lire  length  forward  of  the  beaks;  lower  margin  very  slightly  convex, 
somewhat  concave  at  a  poiul  about  one-third  the  length  from  the  pos- 
terior extremity;  |iosicrior  margin  atutish.  the  lower  margin  curving 
slowly  upward  until  by  an  abrupt  flexiure  it  ap])roaches  the  upper  or 
hinge  margin  ;  greatest  thickness  about  half  the  height,  situated  about 
one-third  the  distance  from  beak  to  front;  a  shallow  dejiression  pass- 
ing from  the  slight  sinus  uf  the  front  margin  toward  but  not  to  the 
beaks,  ilorsal  part  of  shell  with  an  abrupt  descent  to  hinge,  forming  a 
\-ery  narrow  but  abriii>t  iiinbonal  slope,  generally  also  an  umbonal 
ridge  nearly  parallel  to  the  hinge;  beaks  small,  approximate,  extend- 
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ing  above  the  hinge  line,  anterior  umbonal  slope  steep,  a  short  but 
well-defined  lunule,  surface  marked  only  by  fine,  crowded,  concentric 
striae.     Typical  measurements  as  follows : 

Height  at  y^  froin|  Thickness  of 
posterior  margin.  '.  both  valves. 

8  5.5 

8 
12 

6 

S 

8 

9 

9 
II 

6 

4 
3.5 

Numbers  10-14  ^re  small  specimens  with  slightly  different  char- 
acters. The  lower  margin  is  straight  and  the  proportional  length  is 
less,  while  the  convexity  of  the  surface  is  more  uniform.  All  the 
specimens  are  derived  from  the  shale  below  the  congl.  I,  and  this  spe- 
cies is  so  abundant  and  constant  that  it  forms  a  valuable  index  to  this 
horizon.  It  is  known  from  many  localities.  The  form  is  quite  like 
Nuculana,  but  Prof.  Winchell  says:  **This  has  the  aspect  of  Cteno- 
donta  hubbardi.  Win.,  but  is  too  thin  and  rather  too  much  attenuated 
behind.  However,  I  have  thin  specimens  from  Holland,  near  Lake 
Michigan." 


Length. 

Height. 

(I)     25 

IT 

(2)     34 

10 

(3)     39 

16 

(4)     i8-5 

8 

(5)     26 

II-5 

(6)     24 

10 

(7)     29 

13 

(8)     27 

12 

(9)     29 

12-5 

(10)   17 

8 

(II)   12 

6 

(13)   »2 

5-5 

(14)   10 

5 

Distance  of  umbo 

H'ight  to 

from  anterior. 

length. 

7 

1:2.27 

5-5 

1:2.40 

10 

1:2.43 

5 

1:2.31 

7-5 

1:2.26 

6 

1:2.40 

8 

1:2.23 

6 

1:2.25 

7 

1:2.32 

5 

1:2.12 

3 

1:2 

3-5 

1:1. iiS 

3 

1:2 

Area  ornafa,  sp-  "• 
(Plate  IX,- Fig.  18.) 

Shell  small;  rather  convex,  beaks  near  the  anterior  third,  acute 
posteriorly,  hinge  short.  Rather  convex  near  the  beaks,  which  are 
prominent  and  incurved ;  lower  line  nearly  straight,  as  long  as  the 
greatest  length  of  shell;  anterior  margin  slightly  curved  or  nearly 
straight,  intersecting  lower  line  by  a  sudden  curve ;  posterior  outline 
obliquely  truncate  forming  at  the  lower  angle  a  regular  acute  curve  ; 
hinge  short,  inclined  toward  the  posterior  ventral  angle  ;  anterior  um- 
bonal ridge  high,  the  slope  making  a  strong  angle  with  the  surface  of 
the  valves;  post-umbonal  ridge   near  the  hinge.     Surface  marked  by 
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rather  distant  concentric  strias  and  posieriorly  by  thread-like  elevated 
radiating  stritp.  In  general  appearance  this  shell  is  very  like  Afatro- 
don  dfliealus  of  the  coa! -measures,  but  differs  from  all  species  of  Macni- 
don  or  I'arallt;lodon  in  having  ihe  greatest  length  near  the  ventral  line 
and  the  lower  angles  extended  and  acute.  The  markings  distinguiih 
it  from  any  sjiccies  of  Area  of  the  Waverly.  Length  i8  mm  ;  height 
nearly  8  mm  ;  heiik  distant  from  anterior  about  6  mm.  Other  broken 
specimens  indicate  that  this  species  reaches  a  considerably  greater 
siK  and  that  the  entire  surface,  when  preserved  is  covered  by  the  fine 
hut  distinct  radiating  thread-like  striie. 

Genus  Gonoidun,  Gen.  n. 

( Genia,  an  angle ;  e^Ms,  a  tooth. ) 

This  name  is  proposed  with  some  hesitation  to  receive  o  nuculi- 
form  shell  seeming  to  diflcr  in  hinge  structure  from  any  genus  of  die 

Pateoioic  era. 

Shell  ei|iiivalve,  very  unei|uilatcral,  gihboiis.  not  gajiiog  i  rcseni- 
hiint;  I'al.Lotifil.i,  Init  the  hinge  is  cominiious,  slightly  HeNe.l  liLTU'^th 
the  beaks,  Hiilimit  Iriii.'  it-ctli,  ("■)  Inn  the  binge  margin  of  bnih  lalvts 
/ig-/aggi'il  by  sharp  inc  isions  into  ivhicli  cnrrespondinf;  iirnjeclioiis  of 
Iheoppnsiic  v.ihc  (ir.l.Kdy.  The  suries  of  cieniiculations  thus  furmed 
is  ir>uiiiiii.>,i>.  bill  (hi-  si/c  of  iIk-  c-viviuM-  (liniinisbcs  before  and  he- 
hiuil  ih.  W.yV-..      ro-tvrior  .ulibn  K.r  s,  ar  m-arly  'erminnl. 


(I'l.iU'   MI.    i-igv    ;,;.   ^4.    ;5.) 

Sh,-ll  .|M^,-!y  rL'^MiiLbn-  I'al.ci  ,[K-ilii :  of  inediuni  ^vk.  very  tumid, 
nlin  |„..iuin,'ni,  ini  iirvol.  The  uiitbiu-  is  oblong-cllipti.  al,  lower 
argin  n.arfy  Mraiglit.  |.n.icrior  i-Mteinity  rathiT  a<-mely  roiinilod. 
iIiTi.>r  fMr.-iiiily  slmrL  .ibriiplly  minided ;  hinge-lint-  eipial  I.. 
■arly  t«M  ibird-'ihe  entire  leiiglb.'aboiit  tuelve  angulaliuns  behimi 
e  beak  ar..|  >i\  I,,  e[.:;]u  in  hnhl;  lii^ament  ai.parenlly  beii.vv  ilu- 
■aks,  w>\  disliirl.in-  ihi-  .  ..niiiuiiiy  ..f  the  series  of  angnhilions.  Tlie 
ealesi   enineviiv   i-  near   the    tinibo.      .^^urfacc    marked    bv  f.ne   rei; 
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ular  concentric  striae.     Length  14  mm  ;  height  9.5  mm;  thickness  8.5 
mm  ;  beaks  4  ram.  from  front. 

This  species  was  collected  by  W.  F.  Cooper,  in  the  nodules  and 
shale  at  the  lowest  exposure  at  Moot's  run,  4  miles  west  of  Granville. 
Although  suggesting  the  genus  Palaeoneilo  strongly  we  do  not  see  how 
the  hinge  characters  here  described  can  permit  this  species  to  fall  into 
any  known  genus. 

Pholadella  newberryi,  H.  and  w. 
(Plate  III,  Fig.  27;  Plate  IV,  Fig.  4.) 

Shell  large,  elongated,  rather  flat,  more  than  twice  as  long  as  high, 
very  short  anteriorly,  produced  and  rather  narrow  posteriorly.  The 
lower  margin  is  nearly  straight,  being  rather  abruptly  curved  anterior- 
ly and  more  gradually  posteriorly  where  it  is  produced  to  form  an 
acute  angle ;  posterior  margin  oblique,  forming  with  the  upper  a  very 
large  angle;  hing-line  concave,  shorter  than  the  length  of  shell;  the 
anterior  margin  short,  nearly  straight ;  umbones  very  prominent,  beaks 
incurved  over  the  hinge-line ;  post-umbonal  ridge  quite  prominent, 
curved  and  becoming  less  distinct  to  its  intersection  with  the  lower 
posterior  angle  ;  post-umbonal  slope  quite  abrupt  near  the  beak,  but 
becoming  less  so  posteriorly  ;  anterior  to  this  ridge  the  surface  is 
marked  by  numerous  radiating  thread-like  striae,  which  seem  almost  to 
lie  upon  rather  than  to  form  a  part  of  the  shell  :  these  striae  ab- 
ruptly cease  at  a  point  on  the  lower  margin  one-fifth  the  length 
from  the  anterior ;  shell  otherwise  covered  by  strong  concentric  lines 
and  folds  of  growth.  Prominent  characters  are  the  prominent  and  el- 
evated umbones  with  the  concave  hinge  line,  oblique  posterior  margin 
and  radiating  striae. 

Length  90  mm  ;  height  at  beak  35  mm ;  height  posteriorly  30 
mm;  beak  distant  from  anterior  margin  13  mm. 

Our  specimens  are  apparently  little  distorted  and  are  much  (^3) 
larger  than  those  figured  by  Meek  from  Rushville.  There  can  be  no 
doubt  of  the  identity,  but  our  specimens  show  Meek's  types  to  have 
been  much  more  distorted  than  Meek's  P.  (Sedgwickia  ?)  obliqua  pro- 
posed for  the  fragment  figured.  The  species  is  apparently  restricted 
to  a  rather  narrow  zone  below  the  shale  immediately  underlying  congl. 


II,  and  above  the  freestone  proper  or  in  its  upper  sandy  layer 
our  specimens  being  derived  from  Union  Station  and  Granvill 


I  Thcf 


GasteroI'ODA. 

Lo.vonema  yandellaiia,    II.  (fj 

(Plate  VIH.  Fig.  23.) 


The  fragment  referred  to  this  species  agrees  with  the  figures  of  the 
Spergcn  Hill  form  quite  nearly,  except  in  the  presence  of  a  well- 
marked  suiural  band,  which  may  after  all  be  due  to  the  stale  of  pres- 
ervation. It  is  possible  that  ihe  portion  figured  is  only  the  upper  part 
of  the  spire  of  a  larger  species.  Most  of  our  specimens  do  not  pre- 
serve surface  markings  and  can  not  be  safely  identified. 


Cyclonenia  leavenworthar 

(Plate  I,  Fit;.  ^°) 


This  beautiful  shell  occi 
Gnmvillc.  and  differs  in  nc 
Spergen  Hill  limestone,  i-r 
it  resembles  closely,  it  differs 
si.\  vnlniions  being  marked   r 


speLi 


s  in  the  upper  part  of  the  freestone  near 
res]ieci  from  those  described  from  the 
ui  Miirchisonia,  some  species  of  which 
n  the  absence  of  a  peripheral  band,  ihe 
ily  by  thread-like  revolving  slri^e.  Our 
ire  slender  than  the  types. 


(!■ 


-■  i. 


Ver\ 


vaicd,  luniposed  of  from  two 

the  body  whorl  being  about  or 
wh.)rl  is  marked  by  rather  di- 
ar<h  shar|ily  ba<  kwnrd  in  |ias 


that 


;i].c 


:irlv 


^  Iho  I 


0. 

7)ia?!  .stri^Utita 
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e.     The  whorls  inc 
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The  1 
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lines,  H 
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n^ 
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r, 

ched.     The  tivoacc 
ne.     The  whorls  are 
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C|uite  CO 

bill  are  flat  or  even  concave  between  the  carinse,  being  evenly  round- 
ed below  to  the  apparently  small  umbilicus.  Aperture  unseen,  nppa 
rently  sub-circular.  Height  iGmm;  width  14  mm;  height  of  firs 
volution  g  mm,  distance  between  the  upper  and  median  carinie,  3 
The  condition  of  our  specimens  makes  il  difficult  to  distinguish  ihem 
from  the  Hamilton  species  quoted.  Frequent  in  the  upper  parts  ol 
the  freestone. 

Since  the  above  was  written  some  very  perfect  specimens  have 
been  secured  from  Moot's  run  (see  Plate  XU,  Fig  39.)  The  species 
therefore  may  lie  regarded  as  ranging  upwards  into  the  freestone  and 
not  properly  belonging  there.  From  Cyclonema  lyrata  this  form  dif- 
fers in  lacking  the  revolving  striae  on  the  lower  surface  of  the  whorls. 
Casts  of  the  interior  found  in  situ,  show  Fig.  15,  of  Plate  I,  10  be  such 
a  condition  of  the  present  species, 

»Mu,rchiaan,ia  quadricincta.  Win.  ? 
(Plate  II,  Fig.  j8.) 

The  numerous  specimens  are  all  casts  in  poor  preservation,  hence 
the  reference  is  of  the  nature  of  a  suggestion  simply  based  on  a  gen- 
eral resemblance.  Prof.  Winchell  informs  me  that  the  species  has 
hitherlo  been  only  identified  in  lown. 

JVaticopsisf  5|>    n. 

{Plate  XII,  Fig.  37.) 

I-ack  of  time  prevents  a  study  of  thi."  interesting  species.  It  is 
certain  that  this  is  not  a  species  of  Slrophostylua  resembling  S.  va- 
is,  but  is  probably  nearer  10  Naticopsis  comperta. 

Enomphalus  latus,  ".  ? 

(Cf.  E   obtusus,  H.) 

(Plate  Xll,  Fig.  a6.) 

Our  only  specimen  is  very  imperfect,  making  it  impossible  to  as- 
certain with  certainty  its  characteristics.     The   upper  surface  of  the 
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volutions  is  concjvc.  the  outer  margin  is  distinctly  angled,  and  ihcic 
is  apparently  an  iniicr  carina  at  the  suture  line.  The  under  surface  it 
evenly  convex,  widelv  umbil irate.  Tlie  s|tire  is  slightly  elevated,  bm 
is  poorly  preserved.  The  lines  of  growth  "are  irregular.  Our  own 
opinion  IS  ih.it  the  present  form  is  in  termed  in  le  between  K.  Dl)tu^^l^ 
and  K.  laius.  The  figure  has  been  ptrily  restored  and  must  nm  Iw 
loo  imfilicitiy  trusted  except  for  sue  and  general  eon  figuration. 

Free -sione  layers  of  middle  Wjverty,  6  miles  i\orthwest  of  (iran- 
ville.     Collected  by  W   F  Conjier 


Kiioin/Jliatii»  ig/iirorbiji,  '■■  ') 
(flaie  H.  Fig.  .13) 

(F'K  .V?l'  's  '|uite  iuirortect.  the  appearance  of  a  lip  is  niisle.idiii| 
and  the  spire  is  rather  higher  The  specimen  having  been  since  re- 
moved from  the  matrix  these  errors  have  been  detected. ) 

No  opportunity  has  been  afforded  to  compare  with  Hall's  £.  sfir- 
orhis  hence  our  rcffrenct-'is  based  s.ilely  on  memory.  Shell  sm.tll,  el- 
eviited.  closely  loik-d,  untliilii.aiL-,  having  from  four  to  five  vi'lutinns. 
Voluli.iiK  LillvT  tveiily  corner,  dcfply  e\i- .v.it<.-(]  alxivo  Ibr  tlic  Mij.e- 
iiiirvi,!,;ii,,n.oihcr«isc  ne.irly  i  Jr.  uli.  iii  suciion       [knghi  lu-.uly  (■,|ii.il 

]lL-i,^hl..r  four  voluii-.i.,  7  iniii:    .liimt-tLT  of  Ioh  lt  voliHu.n  [icir- 


llo  W.i 


nf 


i:. 


(I'l.ilc  VIII.   IV   .o;    Vim-  IX.   l-ig.    2<,.) 

Slioll  uf  mc.\ium  -.1/.-,  lalL-r.illv  . -iiK'.vh.u  r..in[irc--t-d.  utittn-lv 
.-.iiin.iK- -.  "liMrl.  v.-r>  T.i],uiU  .-iil.ir^in-,  >li-liily  ■.■Mihr.icin-.  lr.in>vt-r.f 
su(  lion  rlioiMl)ii  ,  Mib  .  ur.l.iiu.  lirn  |.U■^I  ii.Mr  lite  unLl.ili^:u^  :  durso  l.n- 
cr:il  ^]«]>L'  ll.it  or  s..mt-«h:il  runr.iv..'  ].<.-riplier:illy,  strongly  turved  near 
^ltnl.iil..u^;  iimliili.iis  ralhi-r  small,      .Vpertiire  sub-cordate  with  a  deep 


in.irkt'd  hv  iHimcrn'.i^sli.irp  ^ciii.  ul.ilc  or  stronyly  curved 
iri.e  tiiL-cliiiy  on  tlic  dursuii.  niili  an  acute  angle.      Besides 
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these,  well-preserved  specimens  show  less  distinct  revolving  striae  upon 
the  sides,  especially  near  the  umbilicus. 

We  have  experienced  much  difficulty  in  identifying  our  Bellero- 
phons.  This  species  is  poorly  represented  and  very  variable.  The 
form  which  is  referred  with  confidence  to  B.  cyrtolites,  is  found  in  the 
shales  below  congl.  I,  and  is  about  the  size  of  the  species  quoted. 
Tlie  form  is  exactly  as  in  the  Illinois  types.  Very  careful  examination 
is  necessary  to  discover  the  revolving  lines;  13  is  the  maximum  ob- 
served diameter. 

A  larger  form  occurs  in  the  shales  below  congl.  II.  in  which  the 
concavity  of  the  sides  is  more  marked,  as  also  the  abruptness  of  the 
descent  to  the  umbilicus.  These  are  all  in  the  form  of  casis  preserv- 
ing impressed  lines  of  growth;  22  mm.  is  a  common  dimension  for  the 
greatest  diameter.  Above  congl.  II,  in  a  blue  friable  shale,  speci- 
mens more  like  the  type  are  again  found. 

The  second  variety  has  been  collected  at  Newark,  Rushville  and 
Granville,  and  has  been  discriminated  as  D.  cribristriatus. 

There  are  from  6  to  10  stria?  in  the  space  of  one  tenth  inch  near 
the  aperture  Djrso-ventral  diameter  of  aperture  perhaps  12-15  mm, 
transverse  diameter  1012. 

Bellerophon-  ^alericidatits,  ^^'J". 
(Plate  IX,   Fig.   32.) 

*  Shell  small,  globose,  involute,  carinate,  ex-umbilirate,  longitudi- 
nally striate,  and  dee[)ly  notched.  Dorsum  broadly  and  regularly 
rounded,  without  any  evidences  of  a  band  except  in  a[)proaching  the 
aperture  of  adult  shells,  where  a  rather  broad  band,  with  ventrally 
concave  incremental  lines  can  be  faintly  traced.  Aperture  crescentic, 
not  suddenly  exp.inded,  strongly  auriculate,  with  the  ears  hanging  de 
tached  from  the  inner  whorl  Notch  infundibuliform,  deep  and  broad, 
obtuse,  its  sides  reaching  the  lips  of  the  auriculations.  Umbilicus 
closed,  scarcely  indented.  Dorsal  and  dorso  lateral  surfact^  marked 
by  about  28  longitudinal,  sharply  raised  striae,  separated  by  much 
wider  flutings  and  not  ])erceptiMy  modified  by  dorsal  band  until  within 
half  of  a  whorl  of  the  aperture  of  the  adult  shell,  when  the  two  mid- 
dle striae  become  slightly  raised  and  enlarged  and  the  entire  set  simul- 
taneously die  away.      Betweei^ these  striae  and  the  umbilical  point  sini- 
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ilar  Stria:  diverge  spirally  and  irregular[ly]  until  inlercepted  by  iht 
former  set  or  by  each  other.  Cast  smooth,  perforaicly  umbilicaie. 
Average  diameter  ot  adult  ,47  (100):  height  of  la^i  whorl  at  the  aper- 
ture .36  (5s);  height  of  aperture  .iS  {38);  showing  the  inner  whori 
imprcitsed  into  outer  .08  (17);  width  of  aperture  .35  {74);  depth  of 
notrh  .22  (47);  width  of  peripheral  belt  at  notch  .06  (13);  separating 
distance  between  lip  of  auriciilations  and  inner  whorl  .to  (21);  num- 
ber Of  strife  in  i-io  in.  .  10  (in  young  and  old)  largest  seen  diamrtrr 
of  -5.v"  Bcllerophon  galericulam*  is  quite  tomraon  in  the  shales  four 
feet  below  eongl.  1. 


L 


Bellerophon,  *p? 


(Plate  XII,  Fig.  36.) 


A  species  with  decided  Devonian  al!initi 
nodules  at  Mooi's  run.     It  is  sufficiently  disti: 


i  is  illustrated  from  the 
t  from  anv  of  the  above 


(I'kuc  l\.  I'ig.  30-) 


"Shell  small,  subglolmsf  ;  iimliiltciis  small,  aperture  transverse, 
reniforiii.  H.ick  and  aides  markcil  by  fine,  sharply  elevated  revoMiig 
lines,  which  ari;  abuiit  ei]u:il  to  the  spaces  between  them,  finer  and 
more  <l..sely  arranged  ill  the  middle  ih.-iii  on  the  sides  of  the  shell. 
Dorsum  marked  t)y  a  narrow,  elevated,  revolving  band,  bounded  on 
either  side  liy  :i  shallow  dejjression.  The  revolving  lines  on  the  band 
are  mu.h  finer  lb:in  those  .m  the  body  of  the  .shell.  Very  fine  stria: 
of  i^rOHih  (Tiiss  the  rovolvinj^  siria;.  giving  a  linely  cancellated  :i]i]>ear. 
anre  t"  the  surface.  Margin  of  the  peristome  nearly  straight  or  with 
a  gentle  Iki.  k>vard  cnrv.itnre  to  the  shallow-  central  notch." 

Our  kno»le.l-e  nf  iliis  h|,ccies  is  ro.ifincd  to  fr.ngments  of  several 
individuals  uiili  Inkr.ibly  consl.aiU  ch.iraciers.      The  band,  exce])t  near 


n 
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the  peristome,  is  rather  concave,  the  transverse  striae  are  more  regular 
and  often  more  conspicuous  than  the  revolving,  otherwise  the  agree- 
ment is  close.     With  B.  galericulatus,  4  feet  below  congl.  I. 


Genus  Platyceras. 

Of  this  genus  six  species  are  reported  by  Prof.  Winchell  from 
Ohio,  viz:  P.  bivolve,  P.  haliotoides,  P.  ^ertzeri,  P.  paralium,  P.  ro- 
merium,  and  P.  subplicatum. 


Plutyceras  hertzeri,  Win. 
(Plate  II,  Fig.   24,  and  Plate  V,  Fig.  8.) 

The  difficulty  of  distinguishing  the  variable  species  of  Platyceras 
rather  increases  than  diminishes  with  the  accumulation  of  specimens. 
The  present  species,  which  may  be  recognized  by  its  moderately  large 
size  and  irregularly  plicate,  nodulose  surface,  and  compressed  form 
extends  from  the  free-stone  into  conglomerate  II.  There  is  generally 
a  poorly  defined  carina  near  the  outer  margin  as  well  as  irregular  trans- 
verse plications.  From  P.  haliotoides  it  is  distinguished  by  the  less 
closely  coiled  spire. 


Platyceras  Jvaliotoides,  ^^-  »"<!  w. 
(Plate   II,  Fig.   23.) 

Our  figure  illustrates  a  small  and  not  particularly  characteristic 
specimen.  Many  specimens  agree  fully  with  the  Illinois  types,  while 
others  pass  toward  P.  hertzeri.  The  upper  surface  is  convex,  with 
only  a  very  faint  revolving  groove  or  none,  the  outer  surface  being 
narrowly  rounded,  the  aperture  very  obli(iue.  From  P.  hertzeri  it  may 
also  be  distinguished  by  the  closely  incoiled  spire.     With  the  last. 


f 


Platyceras  Mvolue.   M.  and  W.  ? 

ingle  specimen  is  doublfally  identified  wiih  this  species. 
Quite  smali,  very  venlnct'se,  composed  of  (less  than)  two  closely 
coiled  rounded  volutions;  spire  not  elevated;  inner  whorl  minute, 
outer  whorl  very  rapidly  expanding,  ventricose.  expanding  especially 
downward;  section  of  volution  broadly  ovale,  broadest  exicmaily; 
aperture  with  a  faint  sinus  on  the  upper  and  lower  external  aspecis. 
With  the  last. 

Platyceras  »p.  cr.  />.  paraUfim.  M   and  w. 

(Plate  I,  Fig.  aj,  (Fig.  22?) 

We  have  a  few  specimens  resembling  P-  pataltum,  which  differ 
from  the  above  in  having  a  well-defined  revolving  ridge  and  groove  of 
the  upper  surface.  The  spire  is  minute  and  the  aperture  nnt  very 
oblique.     With  the  above. 
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lecied  in  the  frce-stonc  of  middle  Waverly  at  Granville.  The  types 
were  from  [he  Goniatite  bed  of  ihe  Kinderliook  group,  a  zone  certain- 
ly embraced  within  the  limits  of  our  Waverly. 

Another  and  apparently   distinct  species  is  characteristic  ol  the 
upper  layers  of  division  III.     See  Plate  Vil,  Fig.  27. 


^^K  Conularia  neicberryi,  Winchdl. 

^     (Plate  VI,  Fig.  13;  Plate  VIII,  Fig.  9;  Plate  II,  Fig.  iS?) 

This  species  as  quoted  by  Meek  (O.  Pal.  Vol.  II,  p.  316},  was 
wrongly  attributed  lo  Hall.  It  was  described  by  Winchell.  [Proc. 
American  Philos.  Soc.,  July,  1865,  p.  130.]  The  original  description 
was  written  from  a  small  fragment  and  gives  an  imperfect  idea  oI  the 
species  as  a  description  of  a  specimen  merely  always  does. 

"Shell  very  small,  in  the  form  of  a  quadrangular  pyramid.  The 
pyramid  is  inclined  over  one  of  the  angles.  .\ngles  of  the  pyramid 
slightly  rounded  and  marked  by  a  shallow  groove  running  longitudi- 
nally. Each  side  is  marked  by  sharp  raised  transverse  lines,  which 
instead  of  running  directly  across,  are  angulatedin  the  middle,  so  that 
at  this  point  they  are  nearer  the  base  of  the  shell  by  a  distance  equal 
to  once  and  a  hall  the  distance  between  two  lines.  The  distance  be- 
tween the  lines  increases  from  above  downwards  and  is  everywhere 
equal  to  about  one  ninth  of  the  width  of  the  side.  These  transverse 
lines  have  the  appearance  of  the  projecting  edges  of  septa,  and  are 
continuous  from  the  middle  of  one  of  the  shorter  sides  of  the  pyra- 
mid around  lo  the  same  point,  though  the  ends  do  not  join,  but  are  al- 
ternate in  position.  The  sides  of  the  pyramid  are  inclined  at  an  angle 
of  about  30°."  The  fragment,  about  one-half  inch  long,  had  a  ba.sal 
diameter  of  .17.  Cuyahoga  Falls,  O,  in  water  limestone,  below  the 
conglomerate  Prof.  Winchell  reidenlities  this  species  from  bed  4. 
Sciotoville.  0.  [Proc.  Am.  Philos.  Soc.  Vol.  Xll.  Jan.  4.  1870,  p. 
858.]  "The  species  appears  to  have  been  at  least  three  or  four  inches 
in  length;  the  septa  range  from  17-44  to  the  inch  ;  it  bears  a  V-shaped 
furrow  along  each  of  the  angles,  within  this  furrow  the  septa  are  de- 
flected abruptly  toward  the  base  of  the  shell,  so  that  they  meet  from 
opposite  sides  about  at  a  right  angle  ;  the  sepia  also  sweep  toward  the 
base  wiih  a  gentle  curve  in  their  extension  across  the  side  of  the  pyra- 
mid, by  which  their  centres  are  about  two  intervals  lower  than  the  per- 


lion  of  llie  ridge  which  bounds  the  angular  furrow.  The  septa  are  of' 
namenled  along  Ilieir  margins  by  delicate  granulations." 

Mr.  Meek's  figure  and  description,  being  drawn  from  a  very  hD' 
perfect  specimen,  add  nothing  to  the  above  and  hardly  serve  to  iden- 
lify  the  species.  Tlie  specimen  figured  upon  Plate  VI,  is  from  the 
lotvesi  horizon,  coming  frorn  the  same  bed  as  Spirifer  marionensis.  It 
is  remarliable  for  the  slight  angle  at  which  the  sides  converge  low.ird 
Ihc  apex  and  the  strictly  quadrangular  section.  One  face  measures  15 
mm.  transversely,  the  other  12  mm.  at  ibe  aperture,  which  shows  the 
presence  of  deep  siiuis  at  the  angles,  while  the  faces  from  the  inchned 
flaps  long  since  indicated  as  a  charat;ter  of  the  genus.  The  angle 
made  by  the  sides  is  less  than  10".  There  are  twelve  transverse  striae 
in  one  ceniimeter  or  about  15  in  half  an  inch  near  the  aperture. 
These  sirije  exhibit  distinct  pearling  upon  their  summits,  the  minute 
pustules  being  rather  distant  from  each  other.  The  length  may  have 
been  three  or  four  inches  unless  more  rapidly  tapering  above. 

Other  specimens  from  the  shale  below  congl.  I,  are  apparently 
tdentical.  In  the  free  stone  the  same  species  appears,  though  our 
specimens  indicate  a  more  obtuse  spire  and  are  not  in  a  condition  to 
exhibit  the  ornamentation.  In  the  sliale  below  congl.  II,  specimens 
of  l.irgcr  si/e  but  similar  charatiers  occur.  Finally,  small  •ipccimens 
from  the  (.'nyahoga  shale  are  decidedly  of  the  same  type  Neither  do 
we  know  how  tn  di>.tin^uish  (he  form  found  in  the  tower  shales  of  the 
coal  measures,  though  the  crenulations  have  not  been  seen.  N'ore  of 
these  show  any  traces  of  the  barred  longitudinal  markings  of  C.  byblii, 
W.,  C.mhsou'naish.  as  identified  by  Meek  and  Worthen.  has  coarser 
and  more  disi.mt  stria;. 


(Plate  II,  1-ig.  19.  J 

"  Shell  clong.ite  ]jvramiJal,  with  ihe  sides  e(]ually  diverging  from 
the  apex  with  an  angle  of  about  sixteen  degrees  ;  lateral  surfaces  near- 
ly flat,  and  without  aov  mesial  (urrmv  [sic]  but  .sometimes  showing  a 
very  faint,  sk-nder  mesial  ridge,  which  becomes  nearly  or  c[uile  obso- 
lete tO"ard  the  smaller  end  ;  e.ich  of  the  four  angles  a  little  rounded 
and  iirovided  with  a  shallow,  moderately  distinct  longitudinal  furro*-. 
Surface   with  numerous  extremely  small,  closely  crowded  transverse 
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stri»,  of  very  nearly  the  same  size  on  all  parts  of  ihe  shell  ;  sCris 
gently  arching  forward  as  they  crtras  the  side,  and  scarcely  interrupted 
at  the  little  mesial  longitudinal  ridge,  minutely  crenate.  and  separated 
by  extremely  slender  linear  furrows,  numbering  fifteen  in  the  space  of 
one-tenth  of  an  inch  on  all  pans  of  the  surface;  crenulations  of  strix 
twelve  lo  fifteen  in  one-tenth  inch." 

Length  apparenil)'  about  3  inches. 

Compare  O.  subcarbonaria,  M.  and  W. 


Coiiulnn 


;  byblis 


^~  Conularia  byblis.  White.  Proc.  Host.  Soc.  N.  H,,  Vol.  IX,  p.  ai. 
"  Shell  large,  in  the  shape  of  a  truncated  pyramid,  length  twice  (?) 
the  width  at  the  base,  apex  broadly  rounded,  smooth,  sides  depressed, 
convex  ;  grooves  at  the  angles  narrow,  a  faint  longitudinal  depression, 
along  the  middle  of  each  side;  transverse  ridges  narrow,  distinctly 
raised,  forty-five  or  fifty  to  the  inch,  but  slightly  curved  in  passing 
from  the  salient  angles  10  ihe  faint  central  depression,  at  which  they 
meet  at  an  obtuse  angle  and  cross  with  slight  interruption  ;  sometimes, 
however,  they  alternate  for  a  short  distance  and  then  cross  continu- 
ously as  before.  Spaces  between  the  ridges  finely  crenulale.  Che- 
mung beds  at  Burlington,  la."  Winchell  states  lurther  thai  there  are 
small  granulations  ranged  in  a  line  along  the  crests  of  the  ridges,  fio- 
75  of  which  occupy  the  space  of  an  inch.  He  refers  the  "  crenula- 
tions  between  the  ridges"  to  iransverse  bars  developed  between  the 
ridges  in  worn  specimens.  The  septa  range  from  56-!i8  to  ihe  inch. 
The  septa-margins  trend  toward  the  base,  but  ihey  are  more  nearly 
straight  from  angle  to  centre  than  C.  newberryi.  Winchell's  speci- 
mens come  from  dark  bituminous  shales.     Hickman  Co.,  Tenn. 

This  form  has  not  been  encountered  in  Licking  countv,  but  is 
quoted  for  reference. 

Stictopora  striata,  H""- 

(Plate   Xn,  Fig.  40.) 

Beautifully  preserved  and  abundant  specimens  of  a  Stictopora  are 
found  in  the  nodules  at  Moot's  run,  and  these  can  not  be  distinguished 
with  the  time  at  disposal  from  Ihe  Hamilton  species  quoted.    Several 


other  species  associated  in  ihis  horizon  await  a  better  opportunity. 
We  reproduce  pan  of  Prof.  Hall's  description.  "Zoarium  consisting 
of  a  flattened,  dichotomously  branching  frond  arising  from  a  spread- 
ing base.  Branches  ,^-4  mm  ;  margins  sometimes  parallel,  at  others 
slightly  diverging,  the  greatest  increase  in  width  in  a  length  of  15 
mm.  being  1  mm ;  non-eel! uliferous  marginal  space  narrow,  width  .15 
mm,  not  flat :  transverse  section  regnlarly  convex  on  the  two  sides, 
greatest  thickness  .50  mm ;  bifurcations  comparatively  distant, 
branches  diverging  at  an  angle  of  60°  or  more.  Cells  tubular,  for  ihe 
greater  portion  of  length  very  oblique,  often  nearly  parallel  to  the 
mcsotheca,  then  turning  and  opening  obliquely  to  the  surface,  on  the 
narrower  [loriion  of  the  branches  often  recumbent  for  nearly  the  en- 
tire length.  *  •  *.  Cell  apertures  very  broadly  oval. 
often  circular,  sometimes  pustuliform,  disposed  in  somewhat  irregular 
longitudinal  rows,  but  the  rows  being  very  close  together  and  the  ap- 
ertures being  separated  by  more  than  twice  their  diameter,  the  ar- 
rangement is  indistinct;  they  sometinies  alternate  and  form  oblique 
transverse  rows  and  often  irregular,  direct  transverse  rows.  Marginal 
apertures  very  lillle  if  at  all  larger  than  thir  others.  Peristomes  mod- 
erately thick,  strongly  elevated,  smuuth;  iiileiapertural  and  marginal 
spa 


Wiiili 


..  the  identity  of  1. 


[  /;■   /^'^.-  65.  ] 

S.-hizo'lu^  \rrf.h,srhiwl '(■■']  piihn-nnrillformis.  'n    ". 
(Hate  XII,   l-V-  44.) 

Six  .].,■.  iincns  foinul  sin,  >.■  iIr'  ,!h..ve  wa.  primed  pn-scni  roncord- 

01"  -mail  M/c'.  Mih-iii..-..ljf.,riii.  i.r.i.lucL-d  hdiliul.  e.]uiv,lK  <■. 
Ion-Ill  u>  hci-hia-  ;;,  m  1;.  Ku.ik-.  h;--  iiiani.iK--lliird  tlio  longili  fr..in 
llu-  .LTHL-ri.ir;  bin-,-  -omovihal  nvrr  half  1..  nearly  two-thirds  ihe  total 
k-n-lh  ■  aiit,Ti..r  mar-in  -.hnrl,  br.a<ll_v  r..ti.i<k-.l.  i.assirij;  jienlly  ini..  (ho 
very  -Ij-lidy  niul   iinltnniily   Mirvin-  I.avlt  margin,  «lii<li    moots  tho 
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acute  posterior  angle  at  a  point  below  half  the  height ;  posterior  mar- 
gin slightly  concave,  inclined  to  the  longitudinal  axis  about  40°,  mak- 
ing an  angle  of  about  150°  with  the  declined  hinge  margin.  Greatest 
convexity  of  valves  near  the  beak,  from  which  a  strong  post-umbonal 
ridge  passes  to  the  posterior  angle,  abovo  which  the  surface  is  concave; 
entire  surface  marked  by  fine  thread-like,  closely  arranged  striae.  Al- 
though our  specimens  are  rather  strongly  produced  and  the  interior 
could  not  be  seen  there  is  little  doir)t  of  the  generic  reference. 

Length  24  mm.  (19-17);  height  15  mm.  (ii-io.)       Freestone  of 
middle  Wavery,  Union  Station.     W.  F.  Cooper  collector. 

I'his  species  may  be  compared   with  Sch,  nuculiformis  or  Sch,  ob- 
scurus,  Dekoninck. 

Conocardium  pulchellum,  White  and  Whitfield. 
(Plate  I,  Fig.  12;  Plate  VII,  Fig.  39,  Fig.  40?) 

''Shell  small,  general  form  triangular,  with  ventricose  valves. 
'Hinge  line  straight,  the  length  equal  to  that  of  the  posterior  slope. 
Anterior  end  cuneate ;  posterior  end  obliquely  truncate.  Basal  line 
gently  arcuate,  widely  gaping  near  the  anterior  extremity  ;  hiatus  elon- 
gate ovate,  distinctly  crenulate  on  the  inner  border.  Beaks  minute, 
incurved,  situated  posteriorly  ;  umbonal  slope  rounded,  posterior  space 
concave;  siphonal  tube  small.  Entire  surface  marked  by  distinct,  di- 
verging radii,  those  of  the  posterior  space  a  trifle  finer  than  those  of  the 
body  of  the  shell ;  also  by  very  fine  concentric  striae.  Greatest  length 
.4  inch." 

Identified  from  Newark  by  VVinchell.     f  Am.    Philos.  Soc.  Vol. 
XII,  p.  256.) 

It  seems  to  be  common  at  Granville,  also,  in  the  free  stone  of 
middle  Waverly. 

Another  species  is  represented,  but  is  known  only  from  distorted 
specimens.     (See  Fig.  41,  Plate  VII.) 
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ITV. 

blsewh'kk. 

Michigan, 
New  York. 

Michigan. 
Michigw.. 

Michigan. 

Michigan, 
Betgium. 

Michigan. 
Michigan. 

p.  n. 

p.  n. 

p.  n. 
p.  n. 
p.  n. 

p.  n. 
p.  n. 
sp.  n 

Pterinopeclen  cariniferui , o 

I^plodesnia  sculelli o 

Myalina  michiganenws  .  — 

sp.  n. 
sp.  n. 

Schiiodus  newarltensis _.. 

»p.  n. 

Sanguinoliles  marshallensis 

Sanguino]il«  unionifotmi!^ o 

Sanguinolitei  transversui o 

sp.  n 

Sanguinoliles  flavius " 

Sanguinolites  amyedalinus ._.   o 

Sanguinolitei  obliquus 

sp.  n 

sp.  n 
sp.  n 

Microdon  reservatus 

Urammysiavenrricow _.-. 

Edmondiaburlingtonensis _.  O 

sp.  n 
sp.  n 

Palaeoneilo  dllplica_ ,-.   o 

sp.  n 
sp.  n 

Palaeoncilo  deganlula o 

Palsconeilo  BlIoriMuifonnu 

Palieoneilo 

Ate»  omaU 

CoDiodon    obioenus . 

Pholadelli  newbeftyi 

Conoc&rdium  pulchelluiD 

LoKonrma  jrandellani 

Cycloneffla  leaven woithooa 

Cyelonema  >lHeillala 

Muxhiunia  qui4tieiacU 

Nailcopui  sp 

Enomphilui  laluE 


Hellerophon  gal«r,ctilaiai  .. 

Bellerophoa  sp 

Bellerophon  petelegans 

Plalyccrai  hertieri 

Italjceias  huliotoidi«._ — 

PUlycerai  bivolvc 

Plalfcrras  pataliam? 

Dental  iu  HI  gnnvilleniis 

GoAMliie*  Ivoni 

Gonialirm 


It  wc'  .■\uiii)U'  ihe  altnve  t.ilile  .Miuiidly  wc  di-irover  at  once  that 
nvir  sii>|ii.  iiiii  ili.it  the  W.uitU  i.  not  liomngt-neous  is  iibundanily  ^i]b- 
st.intian-.l.  ,iii,l  nut  k■^^  iioii.  cmIiV'  is  iIk'  iliffereiice  in  habiiiis  between 
the>e  a^seml.l.^-c--  TIk'  IIik's  <  h,.scn  as  the  .nitlines  of  our  division- 
were  scliced  lie,,uise  tliey  m.nk  ^h^re  de|.oiit>  and  thus  luc  transition 
/i>ne<.  a-  the  ik|>ii-ii-;  ul"  .:  |ir.i_L;res.-iiiL;  or  retreating  littoral  zone  miisl 
.il«-,i>-  be  «-iilire-.ira  to  the -e.i  ha-in  de|)<Kits  formed  before  and  after 
the  lIuL  tiialiii:!  ill  levt-l  ]io>  bn  in-  the  ni.'veiiient.  Certainly  no  other 
liiH"^  will  pn.ie  ninre  en.nenle.u  in  Lieking  connty,  though  all  such 
AXies  nviv  be  .irbiir.ire  a-  \\\^u\U  .>iher  areas.  Now  in  number  I.  ex- 
leiuliti-  -a>  iLO  leei  1-el.nv  <  ,>n-l.  I,  the  r.nina,  as  so  far  worked,  pre- 
sent, alnnii  ilu-  f..ll..^.  Jni;  rel.ninuM  S|ieei,-so(  carboniferous  habil.  2 
oi\;  .  -|iei  ie~  "  itli  ■lei  ideiily  Meu'iiiaii  habit  (often  closely  related  10 
ll.imilini,  ,[.,■,■„■,  I.  2y.  .,.eMes  n>-i  tinina  outside  this  zone  Or  if  so  in 
huri/>.n.  -nil  im.lcr  .!.-.  ,i.m,.ii.  .;o  In  No  II,  embracing  all  between 
.niii;!,  I  ,111,1  n,  -].ei  le-  >Mlli  ,  ,irb, .tiiteious  habit,  possibly  9:  Species 
with  Ueeoiiian    .iliiiiuie-   (ulieii  L'heiiiuni;   -]jeciesj   13;   species   which 


/n 
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■  horizons  still  debated,  45.  The  division 
III,  reijuires  more  study,  but  at  leatsi  7  species  with  carboniferous 
habil  and  10  with  no  special  bearing  are  unmixed  with  a  species  of 
Devonian  alliances  so  far  as  known,  except  near  the  base.  The  evi- 
dence here  is,  it  is  true,  chiefiy  negative.  These  conclusions  have 
been  reached  on  as  conservative  a  basis  as  possible.  If  there  is  any 
error  it  is  rather  in  favor  of  the  carboniferous  tincture  in  the  two  lower 
memljers. 

The  tentative  conchisions  now  held  are,  therefore,  as  fol- 
lows; The  Waverly  group  of  Ohio  is  a  composite  assemblage  of 
lithologically  constant  character.  The  lower  portion  of  it  is_  chiefly 
composed  of  greyish,  yellowish,  and  greenish,  arenaceous  shales,  with 
local  grits  and  nodulary  masses  of  limestone,  and  occasionally  near 
the  base  intercalated  layers  of  bituminous  shale.  This  series  is  faun- 
ally  nearly  distinct  in  Central  Ohio  and  should  be  regarded  not  only 
as  Devonian,  but  as  containing  persistent  elements  of  the  Hamilton 
types  in  connection  with  Portage  and  Chemung  forms.  However, 
it  is  believed  that  geographical  variation 
largely  to  explain  the  specific  divergencit 
blances  remain  perfectly  obvirjus. 

Our  division  II.  although  so  relatively  sra 
tion  period.  Mustofthestrata  may  have  bee 
kill  was  forming  at  the  east,  but  the  fauna  was  essentially  of  Chemung 
character.  Nevertheless  the  connection  in  Ohio  was  much  more  direct 
with  areas  where  already  carboniferous  types  were  appearing  and  a  more 
or  less  marked  admixture  was  the  result.  ConglomerJte  [I  marks  a 
slight  oscillatory  wave  passing  perhaps  from  north  lo  south,  resulting 
first  in  mud  flats  in  which  burrowing  mollosks  thrived,  later  in  shore- 
lines kept  supplied  with  pebbles  by  re-invigorated  rivers.  When 
the  sea  next  returned  it  was  with  its  freight  of  carboniferous  forms, 
but  the  old  Chemung  species  had  chiefly  perished  during  the  slight  os- 
cillation. Comparatively  few  deep-sea  forms  accommodated  them, 
selves  to  the  liiioral  conditions  for  a  time,  but  such  as  did  are  related 
with  Burlington  or  Keokuk  species,  which  formations  were  then  accu- 
mulating to  the  westward.  It  is  not  difficult  to  conceive  that  condi- 
tions might  exist  in  Ohio,  which  would  considerably  alter  specifically, 
a  fauna  prelly  closely  concordant  generically  with  the  Chemung  in 
New  York.  In  our  second  division  a  number  of  species  are  specific- 
ally identical  with  those  in  New  York.       Vet  we  prefer  to  believe  that 


called    in    very 
generic    resem. 


,all,  was  evidently  a  transi- 
u  deposited  while  the  Cats- 
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the  frcesiones  of  the  middle  Waverly  in  Ohio,  lie  chronologically 
somewhat  above  the  Chemung  and  include  the  Catskill  epoch.  Ilie 
Upper  member  doiililless  includes  equivalents  of  the  base  of  ihe  Bur- 
lington sandslone.  The  Cuyahoga  shale  presents  a  problem  siill  diffi- 
cult of  solution,  but  we  suspect  a  surprise  awaits  geologists  when  it  is 
carefully  studied.  It  is  jirobable  that  (he  black  or  Ohi'i  shale  lies  be- 
low the  horizon  of  the  Ivptcal  Genesee. 

In  conJlusion,  it  seems  that  no  better  evidence  were  necessary  In 
convince  one  of  the  continuity  of  animal  existence  than  that  here  af- 
forded. Not  only  do  rigid  lines  of  stratigraphy  break  down,  but 
hard  and  fast  specific  disiinciions  are  obliterated  and  we  begin  to  see 
how  the  retreating  and  advancing  and  ever-varying  sea  Dung  the 
shuttles  back  and  forth,  weaving  the  intricate  pattern  or  historic 
geology  without  ever  breaking  the  thread  of  life  or  reselling  the  web. 
But  every  new  struggle  brought  out  hitherto  undeveloped  possilHl- 
ities  in  life  and,  instead  of  [wnshing.  life  ever  came  off  victor  by  virtue 
of  implanted  aspiration  and  the  environment  of  conscious  force — God. 

NuTBi—Aflcr  Ihe  lint  portion  of  this  p>pcr  wu  in  type,  uccumulutrH  ob- 
rervalions  pbce  the  <.tratigra]>]iy  of  the  lower  ponlun  of  [he  series  on  a  more 
definite  fonting,  showing  ihe  nodule  l.iyer  so  often  mentioned  to  [ie  about  40  feel 
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Fig.  i6.  ScMtedui  nudmatmis,  imptrfect  cast. 

Kig.  ij.  Ctrmtloiita  Hr.ttnsi!. 

Hg.  iS.  .ivitaliifat/H  winiMU,  t'l^hl  va.\ve. 

Fig.  I9.  Sirthlapttna  media    *p.  n. 

Fig.  JO.  Cyilomma  /faveniifarliniui  [.') 

Fig.  21.  Bilhrofhon  iyiielim,  compresaeil  ipe  imen. 

Fig   11.  Plaljttrai  sp? 

Fig.  13.  Pliifyfirai  faradum. 

Fig.  24.  Ptvdutlui  Hfiraieiiisis. 

Fig.  li.  .Sf^nivAfi  tAtmuHgtmii. 

Fig.  16.  Produflm  srmirtlkuUtus. 

Fig.. 17.  PUni  stcni. 

Fig.  18,  Crinoidal  plale. 


Figi.  I,  3,  3.      Sfirigera  nMiaensu? 

Fig.  4.     Cenlrenilla  up? 

Fig.  5.      Cenlron-lla  Julia. 

Fig.  9,  i^jiiiuw  imJinarnsii,  very  | 

Fig.  7.     AUiyris  lamrlloia. 

Fig.  8.      CetUmMtila  sp? 

Figs.  9  [  I .      Spirifenna  selidiratlris , 


Figs.  IJ, 

13.     HAfftia  t.p. 

Fig.  .4. 

i 

Fig,  ,5. 

RhynfhvHtlla  lagmana  ( - 

Fig.  .6. 

.y«»/^r  vimhilli,  sp,  n. 

Fig.  l;. 

Fig.  ,8. 

fiwttfferra. 

Fig.  19. 

CBiulana  miirfimma 

Fig.  10. 

Fig.  .>. 

Chanit/i  lumiJii. 

Fig.  12. 

PkiUrfsia  thumardi. 

Fig-  n- 

Ptalyetmt,  sp. 

Fig.  M- 

Plaiyctras.  sp. 

Fig-  J5- 

Fig   ;6. 

Xautilta  'f  sp. 

Fig.  i?. 

MiUiiv^lum  eyrtolllrs. 

Fig.  j8. 

Sfur.hiimfia. 

Fig.  19. 

Belltrophon  cyrtolihs. 

Fig.  30. 

Btllfropkon  sp. 

FiE-3'- 

Plant  im[>r<.'Ssion. 

FiB.  33- 

F.uomphaln$  spinnhis! 

Fie-  34- 

p 

im^ 

hi 

PLATE  III. 

■k.... 

CifHi/fifM  t.-nilii.  .p.  n  .  left  v»lw<. 

^  f* . 

Sfiii/trh^'hu.  M.  nnd  W.  > 

Fit.  J, 

Ptanrtras,  »]), 

n,.,. 

nj. !. 

AvinthpittiH  (cf.  Oir*»/.) 

rij,  6. 

WifWilMp. 

F»7- 

AatMitfttki,  ri|hl  valve. 

rip.B. 

Fl,.,o, 

ItmtHmiUf  Mtvm>ii.  n.  «p..  I«ft  »lve. 

FIj.ii. 
Fll,  1.. 

CiMMln.  kp. 

^L  H<.  M. 

Ot<w»//i>AAMHi,  Win. 

^■.np-'s 

,  16.  AWiBtt,  *p  f 

^Vnt.  .s. 

AnA-Mi  <if(M«>.  11. 

^^  r«.  19. 

'          r«.  ,0. 
r,,. .,. 
He.  .-J. 

/Vn/ii^TwjfenMlfi'. 

yi™iW«B.  sp. 

t«    -•! 

,y,V-,'rVr  .!,-i„rif,-'^it,  iVf    /■/*r.  Il.t 

/^ 
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Fig.  I  J.  Palteoneih  eUiptica^  upper  figure,  s^x,  pHtatella  \o'wer,  vat,  aiJifrtjmt- 
formis. 

Fig.  1 3.  Grammysia  hannibaUftsU, 

Fig.  i^.  Microdon  reservatus  ? 

Fig.  15.  NucuiatM  simliis,  cast. 
Figs.  16,  17.  ? 

I'^ig.  18.  Edfnomlia  burlingtonensis^  f 

Fig.  19.  Cf.  Fig.  4,  Plate  IX. 

Fig.  20.  PteronUes  obliquus  ? 

PLATE    V. 

» 

Fig.  I.  Rhyncfioneila  sappho  (Cf.  coopori)^     Coiigl.  II. 

Fig.  2.  Spiri/er  juinckfili^  doxssA  \Q\yft.     Congl.    U. 

Fig.  ^.  Spirifer  winchcUiy  ventral  valve. 

Fig.  4.  Syringothyris  cuspuiattiSy  front  view. 

Fig.  5.  Syringothyris  cuspitiatuSy  ventral  view  of  cast. 

Fig.  6.  Syrtftgothyris  cuspidatus^  hinge  view  of  cast. 

Fig.  7.  Syringothyris  cuspidatus^  diagramatic  median  section  of  ventral  valve. 

Fig.  8.  Platyct'ras  hertzcn\  cast. 

Fig.  i).  Ortkis  vamixefni,  var,  ptiUhelltis. 

Fig.  10.  Cfyptofielia  tuditra. 

Fig.  II.  Sanguittolitt's  marshalUmis 

Fig.  12,  (No.  1367.) 

Fig.  13.  Spirifcrina  solidirostris. 

Fig.  14.  Hemipronitis  crenistrio?^ 

Fig.  I  5.  Schizodus  cumus. 

Fig.  16.  Unidentified  crinoid  horn  congl.  11. 

Fig.  17.  Clenodonta  hou}>htoni  f 

Fig.   18.  Rhynrhonella  sp. 

PI..ATK  VI. 


Posidonomya  {streldopteria)  fragihs^  sp,  n. 

Spinfer  mariotietuisy  ventral  valve.  Moots'  Run,  Licking  Co. 

do     hinge  view  of  same.      Partial  cast. 

do     hinge  view  of  dorsal  valve,   cast. 

do     umbonal  region  of  same. 

do     <lorsal  valve.      From  concretions  of  lime  15  feet  below   hori- 
zon of  No,  J. 

do     hinge  view  of  same. 

do     ventral  valve  from  same  horizon. 

do     hinge  view  of  same. 


Fig 

I, 

Fig. 

I. 

I^'iK- 

2a. 

Fig. 

2b. 

Fig. 

2C. 

Fig. 

.V 

Fig. 

•  .V^ 

Fig. 

4- 

Fig. 

4a. 

^ 


F!f.  S  iini3  5*,      'tnallcr  valvts  of  same  ipeci«i. 

Fill  (i.  Sp^ifir  tlrial^Bmdi,  iloraal  valne.     Fiom  etpoxute  t  ^..  mit»  iouili' 

cut  of  Granville. 

PiE.  7.  dii.  ventral  valve,  upper  layetn  at  Wlllinma'  quarry  wnl  of  Grgniillr. 

Fig.  it.  HtmifrmwUs  crrmslrv,  dorsil  v«lvc,  wiih  Kig.  2,  Moot'«  Run, 

Kig.  9  dn.     Frgni  the  freestone.  ? 

Fi);.  ID  Alhfimut  loeperi.     Union  Station  frceslon*. 

Fig.  It.  PrtJurtHt  itmifteiculalm,  AanaX  valve. 

Fig,  II.  A%*Mloftrtrn  tviiKlitlli.     Frect'.one. 

'''<e    'J  Cvtu/arin  tumitnyi  f     134,     End  view. 

Fig.  1^.  Naviilm  f  tp.     Mooti'  Tun. 

Fig-  15.  ? 

Fig.  ifi.  /'rmiMehu  cmKmtntm. 

fig.  17.  From  vie*  of  Hk.  1,1- 


Fig    I.      Lrkftfria  ailoni,  sp.  n..  ^o  ft    b-  loH-  toogl.  I. 
Fig.  .-.      Slnili/fltria   i>udi.i.  left  vnlve.      [.arge    vnr.  fior 
M^ngl.    I, 


'^ 
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Fig.  2f:   Pr^uclu,.  (cf.  Hate  111.  Fig.  JO.J 

Fig.  ;S.   AvituloJviliH,  sp. 

Fig.  2').   Afcitiaia  'oaverhtns'i- 

Fig.  .11.   Ukfltria  halH. 

Fig.  .jj.   Ltk'fleria  *^.     Mool^  Run 

f'g- 33-   Aa«itmat.^1     (No.   IJ78.) 

Fig   ,n.   Athy,,.^^. 

'■'ie-  ,l,v  Nucaiaiia  sp.     y,  feet  belnw  conel.  [. 

Fig.  jis.  ?                                           do 

Fig.  38.   PAityterai  if  ? 

Figs.  4 1 .   Crn/varifium  sp  ? 

FI.ATK    VIII. 

Fig.  (.      SiniidaoliUi amlm.     Shale  below  congl.  II, 

N< 

Fig.  -•.     Ailon^ma  7i'iHclifUi,  side  view. 

Fig    ,.      do  hing.-  vie*. 

Fig.  4.      .lo  ftoi.1  virw. 

Fig.  s.      Fjimentlia  iltprcsia,   side  vitw. 

Fig.  h'  Atiiriima  ziHlriiom,  M.     <\n 

Fig.  7  frelhyrii  miiki.  ilo 

Kig.  8.  A/icioaon  f  iriangHlani   Frees 

Fig   ij.  t;ii»«i/fl™i  jiiinif^TM*  below  tt 

Fig.  u)  Sanguimflitt!  mkhigaaeusis. 

Fig.  11.  Sanguiaelilfi  ate/ia,  small  spc 

Fig.  !>  Shale   jclowtongt.  11. 

Fig.  I4.  Or/iiruiffiiicii  .sji.     do 

Fiff.  ii;.  Pttvrodulyumpniilemalitum.i 

Kig.  [6.  Clfitaiiiitit  *p.,  niidides,  Mr-oi 

Fig   17.  O-l™-""'-^  'lo 

Kig.  .S.  i/'-T/'--'  ■'" 

Fig.  1,,.  aw».-trs. 

Fig.  -o.  BtllcrophBH  <yTUM/-i.  II,,  var, 

Ginnvilie. 

Fig.  ;i.  BelliropbBtt  ,yrldUe>,     Shale 

Fig.  21.  HfUirophm  sji  ? 

Fig.  2{  Laxoneniii   Yiiiiiidhina . 

Fig.  jj!  CA'K.Y.J  ,'  nodule*  Moot's  rut 
Fig.  ii.J'hillip.u,.  .'  do 


p 

l?^ 

i'l.ATE   IX. 

Flu.  .. 

^•i/fr  m<irii)Htmis. 

Fig.  J. 

Unidvniified  casts  Uatn  "Dug'xay." 

ris-  .!• 

fill-  i 

UnidMtifinl. 

ng.  V 

Hs.  ft. 

FiE.  7- 

S-msuimlats  umoni/ermh. 

K*.  S- 

do                do 

F*  9. 

da                  da 

Fit.  10. 

do           pnvxu: 

Ft... 

Lah  •patHhla. 

Fi«.  ... 

UdA  mrraM. 

Fie.  ..V 

Palai-Ntih  ttHptna. 

Flu.  .4. 

Nuiula  iamtnsii. 

FiB    .5. 

Palmimtih  tlHftka, 

FiB.  .6, 

Smulaf 

FIJ.  .7. 

Kt,  .!. 

Arte  gmala. 

P*.  .9- 

SfMftr^p. 

Fie.  ,0. 

Seiis.'.liii  ihrmuiigrnsii 

.  .:,     Ii.n.r,-pl„m  ryrloliU 


V<ii.   i.     A. '/,,■,.//„.« i.-^ 
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Fig.  7,     Creitifetim  wituktlli. 
Fig.  S,      At-iiUlepccltH  granvHient 
Fig.  t).     RhytiilKntlla  timtrtKla. 


PLATE  XII. 

Fig.  I.     PhiBipsia praairar.     Head  and  pigidium. 

Fig.  1.     Unidentified.     Moot'i  run. 

Fig.  3,     Edmsndia  I     Perhaps  Grammysta  sp. 

Fig.  4.      SphfniiMs  fanlrailus. 

Fig.  5.     Uniikntlficd      Mool's  run. 

Figp  C-      Pnyducttti  shuntardtanu^t  11- 

Fig.  7.     Zyriap^tm  iaHittlatm. 

Figs.  8,  9, ,(       PttrinQptdtH  carmtfirHi, 

Fig,  10,.    Cr^inni  hamiltima  ? 

Fig.  li.  RhyneicHtlla  sf.     Moot's  run. 

Fig.  13-I.v    EnlpHiim  Aumardiaaum . 

Fig.  16-17.   Aiiiiih'piilm  i^'i'piri. 

Fig.  18.    Uiiidt^niirieil.      Mool's  run. 

Fig,  19.   CrfHiptiUn  i/trnlii  f)     Cuahoga  shales. 

Fig.  iO,  ^iri/ir  ilriaH/ormh.     Dorsal  valve. 

Fijj,  21.   CnniptcltH,     Upper  divUion  o(  Waverly, 

Fig-  Ji-    CreniptcleH  gramiUUnsis.      Doraal  valve. 

Fig.  i3-   Caniodtin  ohiaetuti.     Exterior. 

Fig.  24.   Gtmislon  ekiotiuit.     Cast  of  both  valves. 

Fig.  J5.   CoHJodon  nhnxtuis.     Lateral  view  of  same. 

Fig.  j6.  Riuimplialis  iatus. 

Fig.  27.  Altsrisma  lotn/txa. 

Fig.  ijj.  Alhyris  sp  ? 

Fig.  >9,   L'njdun tilled.     Moot's  run. 

Fig.  30.   Orthoiera!  sp  ? 

Figs,  31,  3'.   Fish  scales,     Mool'i  run- 

)'~'B-  3J-  Unideiitilied.      Moot's  run- 

^'ig.  34-    llQidcnlified.      Moot's  run. 

Fig'  3^-  Sansiiinotitii,  resembling  marshalUmis.      Moot's 

Fig.  36,   BelltrophoH  %p .     Mool's  run- 

P'ig.  3^.  Niititopsis  sp.     Moot's  run, 

?'ig.  38-  Plalyatas  %f.      Moot's  run - 

Fig.  39,    CyiloiiCHia  slrigillala. 

Fig.  40,  StitU'p-ira  sttiiila. 

Fig.  41.  Unidentified. 

Fig.  4-.  (See  Fig,  8.) 

Fig.  43,  Prodmlm  sbumarJiiittus. 
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ERRATA. 

Page  II.  Tide.     Instead  of  Part  IV,  read  Parts  HI  and  IV. 
Page  24.   17  lines  from  bottom.     Instead  of  C.  tumidus,  read  C. 

SCIK'ARDIFORMIS. 

Page  ay.  a  lines  from  bottom.     Instead  of  responsilitv,   read 

RESPONSIBILITY. 

Page  31.  Under  Prod.  semireticuUttis.     Instead  of  VII,  F^.  11, 

read  VI,  Fig.  11. 

Page  42.    151!!  line.      Instead  of  situation,  read  sinuation. 

Page  42,  el  sl-ij.    Instead  of  >.  tF-Ntkonala,  read  S.  lkn  lrondt.V. 
Page  65.   Instead  of  Scm/ijnus  mki>ixf.nsis,  read  Slh.  mkiuna- 


Page  7J.  Instead  of  .At.i.orisma  chOiierii,  read  a.  cool 

I'age  8o.  Instead  of  I'AL.taNF.rLo  eli.iiticus.  read  P.  e 

Page  80.  Instead  of  i  akiunia,  read  Carhima. 

Page  84.  Instead  of  (iuNntTioN  read  (ioNniDON. 

Page  S7.  Instead  of  Enomphai.vs,  read  Evomphalvs. 
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CROSS-FERTILIZATION   OF  LOBELIA  SYPHILITICA. 


BY    C.    L.    PAYNE. 


The  methods  of  bringing  about  cross- fertilization  are  very  numer- 
ous. But  it  has  been  observed  that  the  methods  of  fertilization  con- 
form to  a  few  leading  principles  and  types.  And  according  to  these 
principles  the  methods  of  cross  fertilization  may  be  divided  into  class- 
es. The  various  modifications  m  the  orders,  genera,  and  species  un- 
der these  leading  classes  are  only  different  applications  of  these  princi- 
ples and  different  methods  of  conforming  to  them.  Thus  we  have  the 
principle,  that  open  flowers  can  be  fertilized  by  the  wind,  and  accord- 
ing to  this  principle  we  have  a  large  number  of  plants,  whose  flowers 
are  completely  exposed  to  the  wind.  But  in  other  respects  the  flow- 
ers may  vary  to  suit  the  habits  and  circumstances  of  the  several  plants. 
Again,  there  is  a  principle,  that  melliferous  plants  attract  insects  and 
can  make  them  the  agents  of  cross-fertilization  by  adapting  their  con- 
trivances for  fertilization  to  them.  These  two  principles  are  sometimes 
combined,  and  such  plants  have  two  chances  for  bringing  about  cross- 
fertilization  Here,  also,  there  are  many  modifications.  There  are 
many  other  principles  with  contrivances  adapted  to  them.  A  classifi- 
cation based  upon  these  principles,  it  seems,  would  be  as  convenient 
as  the  general  classification  of  plants.  But  of  couise  it  is  hard  to  find 
a  suitable  principle  of  division.       Hildebrand  has  made  a  very  excel- 


lent  classification  for  [>hanerogaiuic  fiowers,  according  to  the  complete- 
ness with  which  they  exeliidc  self-fertilization.  According  to  his  class- 
ification the  plant  we  have  tinder  consideration  would  come  under 
class  B.  Male  and  female  organs  in  one  and  the  same  flower  fmono- 
clinism),  division  i.  The  organs  of  the  two  sexes  not  developed  si- 
multaneously (dichogamy),  and  subdivision  (a. )  The  male  before  the 
female.  And  the  division  might  have  been  carried  farther,  as  there 
are  several  minor  principles  applied  in  different  ways  to  the  plants  un- 
der the  last  division. 

One  of  the  most  wonderful  of  the  many  contrivances  for  cross- 
fertilization  is  found  in  the  lobelia  family.  The  calyx  is  adherent  to 
ihe  two-celled  ovary.  The  corolla  is  two-lipped  ;  the  lower  lip  is  three- 
lobcd ;  the  upper  lip  is  split  and  the  division  continued  to  the  base  of 
the  corolla.  Through  this  slit  the  united  filaments  and  anthers  bend 
out  then  in  again  over  the  lower  lip.  The  anthers  unite  and  form  a 
conical-shaped  figure.  The  upper  portion  projects  beyond  the  tower 
(as  in  the  case  of  a  bird's  beak)  and  forms  the  apex  of  the  cone.  A 
spur  extends  downward  from  this  upper  portion,  forming  a  hollowed 
space.  A  clump  of  stifT  hairs  extends  fr'ocn  the  lower  lip.  and  presses 
closely  up  to  the  tip  of  the  apex,  closing  the  hollowed  space,  except  a 
small  opening  between  the  hairs  and  the  spur  in  the  back  end.  Now 
the  pi-.til  is  sheathed  by  the  stamens.  It  has  a  brnad  tivo-lobed  stig- 
ma. Eaih  lobe  is  iiroiciled  bv  a  sheath  thickly  covered  with  a  ring 
of  stiff  hairs.  At  first  llie  i)isl'il  is  considerably  I.elow  the  lower  ex- 
tremity of  the  anthers.  The  pistil  keeps  groning  up  throui;h  the  lube 
of  the  filaments,  until  it  enters  ihe  chamber  of  the  anthers  ,it  the 
proper  time  for  fertilization.  The  inner  w.Uls  of  liie  pollen  cells  have 
by  this  time  been  ahsnrb.-d,  and  the  pollen  has  been  let  loose  in  the 
chamber.  The  pistil  steadily  jiresses  the  pollen  toward  the  vertex. 
F.sca|jc  ba<kward  is  prevented  by  the  broad  stigm.i-lobes  with  their 
ring  of  hairs,  thus  some  of  the  pollen  is  jiressed  into  ihe  little  space 
at  Ihe  vertex.  When  a  bee  aliyhis  on  the  lower  lip  and  craw  is  down 
the  lube,  the  slit  in  the  bark  of  which  allows  it  to  be  expanded,  the 
ba.k  of  Ihe  bee  bends  down  the  siiff  hairs.  The  pollen  is  hurled  out 
of  the  tension.  The  ]«<\k-n  is  carried  to  another  flow- 
niaiiner  immediaiely  m  be  ex- 
ig  out  the  pollen,  and  grows 
irotrudinj;  over  the  lower  lip, 
by  the  sheaths.     Tbese  are 
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now  opened,  and  the  stigma  laid  bare  to  catch  the  pollen  from  the  bee's 
back,  where  it  has  been  deposited  by  another  flower,  as  previously  de- 
scribed. 

The  general  arrangement  for  cross-fertilization  in  the  florets  of  the 
Compositae  is  the  same  as  that  just  described  for  the  Lobeliaceae.  But 
the  vast  number,  the  wide  distribution,  and  the  varied  habits  of  the 
genera  and  species  under  the  Compositae  cause  many  special  variations. 
These  variations  are  shown  especially  by  the  arrangements  of  the  hairs 
and  the  stigmatic  papillae.  In  some  genera,  just  as  in  the  Lobelia, 
these  hairs  sweep  the  pollen  before  them,  forming  a  simple  ring  around 
the  style  at  the  base  of  the  stigmas  or  aggregated  in  a  tuft  at  the  ex- 
tremity of  the  stigmas.  In  other  genera  they  spread  over  more  or 
less  of  the  surface  of  the  style  and  the  pollen  is  entangled  among  them. 
The  mechanism,  for  pushing  out  the  pollen  is  farther  perfected  in  some 
Compositae  by  the  contraction  of  the  filaments  of  the  stamens  on  being 
touched  by  the  proboscis  of  the  insect. 


USr  OF  DIATOMS  FROM  GRAN\'ILI.E.  OHIO. 

BT    J.    L    IiEmSC. 


DtaitHDs  are  microscopic  unkdlular  a\gx.  Though  ihey  were  for- 
tneri}-  rrgxrded  as  'jelonging  to  the  lower  orders  of  ihe  animal  king- 
dom, roicTOscopMs  are  now  agreed  in  placing  them  among  the  Plantse. 
They  are  gcocrally  nf  a  bfxxra  color,  though  frequently  becoming 
preenish  when  drr.  The  cndochrome,  as  the  colored  contents  of  the 
val\cs  ,ire  c.illfii  is  always  symmeiricaMy  arranged.  Each  cell  is  com- 
|">-t-J   ,it    tm'   >:iiiil.ir  .iii.i   apparently    parallel    portions,  the  valves, 

Tne-c-  i.i:vfs.  3;:honi;h  nearly  cqna!  in  length,  art  not  of  the 
■i.iiiif  «!,;:h:  :[:  uci  ihey  difiet  greaily.  Inconsequence  of  the  fine 
~:r:  ■.::.'\'.'  .\r,,\  .■t:u-r  in.irkMii:-  of  the  silicioiis  valves,  they  constitute 
\a;':  ii'k'  :i--;-.  i>f  i:u'  \.th.:c  of  mii-ri>scO])ic  objectives. 

in    ul;iihih.\   l\:m        This   !^   e-peiially   so   in   ihe   case  of  the    more 
,-  were  regarded  as  having    an 


>  longt 


believed   I 


be   : 


thai 


lilc- 


vii;eial)le  zoospores.     There  are  mar 
n^ni-i  of  Diatoms,  but    the  most  plau^ 


.egeiable  life, 
s.    singly   or   ii 


The  free  forms  arc  !oi 
under  the  microsi:ope. 


1  (whence  the  name  from 


^ 
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Diatomos^  a  through-cutting),  which  takes  place,  not  transversely,  but 
longitudinally ;  and  the  lines  which  mark  its  progress  are  almost  al- 
ways visible  in  them.  In  this  process  of  division  new  valves  are 
formed  along  the  line  of  division,  the  old  ones  remaining  on  the  outer 
sides,  and  each  new  diatom  cell  having  an  old  valve  and  a  new  one. 
But  sexual  reproduction  takes  place  by  conjugation  and  by  the  forma- 
tion of  auxospores,  which  restores  periodically  the  normal  size  of  the 
species. 

Diatoms  are  quite  abundant  in  the  vicinity  of  Granville,  Ohio, 
some  of  them  being  rare  specimens.  The  following  list  I  have  iden- 
tified for  the  most  part,  by  recourse  to  the  photographic  plates  from 
Aldolf  Schmidt's  •*  Atlas  der  Diatomaecen-Kunde." 

Cymbella  gastroideSy  K. 

NavUula  polystricta^  Gru. 

Navicula  polystticta^  (var. )  circumstricta^  Grunow. 

Navicula  sentelloides^  Sm.  Domb. 

Navicula  Cynthia^  A.  S.  Java. 

Naincula  cuspidata,  t 

Navicula  boreahs.X 

Navicula  cryptocephala.  % 

Navicula  entomonX  E. 

Ncnncula  biceps.  E. 

Navicula  laiissima,  Greg.  J 

Navicula  consimilis^  A.  S. 

Navicula  lanceolata^  K. 

Navicula  brevis,  Greg. 

Ncnncula  latissima,  (type),  A.  S. 

Navicula  longa^  Greg. 

Nitzschia  coaretala.  % 

Pleurosigma  Spenceri,  J. 

Gomphonema  acuminatum^  E. 

Fragilaria  lanceolata.  %, 

Diatoma  meridian- circulare.X 

Friceratium  soUnoceros,  E. 

Friceratium  Jensenianum,  Grunow. 

Friceratium  venosum,  Brighton. 


f.     Not  typical,  but  probably  a  variety. 

J.     Identified  by  plates  in  Indiana  Geol.  Rep.  Vol.  II 


Note. — Circumstances  making  it  convenient  to  issue  both    parts 
jnce,  what  follows  may  be  regarded  as  Part  11  of  Vol.  IJI. 
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NOTES  ON  PALEOZOIC  FOSSILS. 


BY    AU(;.     F.     FOERSTE. 

I 

CAMBRIAN. 

■ 

MicRODiscus  PUNCTATUS.  Salter, 

(Plate  XIII,  Fi^.  5.) 

This  species  was  described  by  Salter,  (Quart.  Journ.  Geol.  Soc, 
1864, )  from  the  Lingiila-flags  of  Wales,  at  Forth- y-Khaw.  The  head 
is  semi-circular  and  the  margins  at  the  postero-feiteral  angles  are  slight- 
ly bent  out  again,  forming  almost  a  right  angle  with  the  posterior  mar- 
gin. The  margin  around  the  lateral  and  anterior  portion  of  the  head 
has  an  elevated  border  at  the  edge,  which  is  cut  transversely  by  nu- 
merous sliort  grooves,  giving  it  the  appearance  of  a  row  of  minute, 
closely  set  tubercles.  The  lateral  lobes  do  not  approach  very  closely  to 
one  another  in  front  of  the  glabella,  leaving  quite  a  distinct  vacant  space. 
The  glabella  terminates  posteriorly  in  a  long  spine.  One  of  the  ac- 
companying figures,  enlarged,  represents  the  spines  as  equalling  the 
length  of  the  head;  another,  drawn  natural  size,  could  under  no  cir- 
cumstances be  considered  longer  than  two-thirds  of  the  head,  and  in 
fact  is  drawn  only  half  as  long.  This  would  suggest  that  the  spine  of 
the  enlarged  figure  is  overdrawn,  or  that  it  was  of  an  exceptional 
length.     The  middle  lobe  of  the  pygidium  is  said  in  the  description  to 


r 


IlS  BULLETIN    OF   THE    LABORATORIES 

have  seven  segments.  But  the  drawing  of  an  enlarged  specimen  rep 
resents  seven  segments  very  plainly,  and  suggests  an  eighth,  and  even 
a  terminal  indistinct  tenth  one  by  means  of  the  shading. 

In  North  America,  in  the  St  John's  Group  at  RatclilTs  Millstream, 
Hew  Brunswick,  is  found  a  very  similar  form.  There  seems  to  be 
more  variation  in  the  form  of  the  glabella,  this  often  becommg  more 
or  less  distinctly  lobate  on  either  side.  The  lateral  lobes  always  ap- 
proach to  within  a  short  distance  of  each  other  anteriorly,  being  sepa- 
rated by  a  deep  groove  rather  than  by  a  vacant  space.  The  terminal 
spines  of  the  glabella  is  also  extremely  variable,  being  quite  short  and 
rather  blunt,  or  equalling  iwo-diirds  the  length  of  the  glabella,  when 
it  is  very  slender  posteriorly.  The  edge  of  the  margin  often  presents 
ihc  milled  appearance  noted  in  the  European  form,  this  varying  to  a 
scries  of  closely  set  tubercules.  The  middle  lobe  of  the  pygidiiim 
usually  presents  nine  well  marked  segments  and  under  favorable  cir 
cumslances  some  of  the  linest  specimens  will  show  a  tenth  quite  dis- 
tinctly, and  even  faint  indications  of  two  more.  Both  head  and  py- 
gidiiim  are  covered  with  minute  granules. 

Mr.  Walcott,  in  his  excellent  monographs  of  our  Cambrian  fauna, 
referred  the  American  specimens  to  the  Welsh  species,  with  a  certain 
reservation  on  account  of  variations  observed,  and  suggested  the  ap- 
plication of  thf  name  |iroposed  by  Mr,  Harlt,  M.puUhetlui,  in  case 
they  were  fuiind  to  lie  disiinct.  Our  own  investigations  lessen,  rather 
than  increase  the  dinVrenccs  then  observed.. 


CINCINNATI    CROLI'. 

1,1.  MA.     H.M.M,    ..A    n 

[I'lah  XIII,  /-/i'.  4) 

111  i>;42.  Cimnid  d<.scril>ed  l.idws  Treiit.'iirnsis  from  the  Lower 
.Silurinu  riKks  of  Nt.-w  \'ork.  In  iIk-  first  volume  of  the  paientolnpi- 
cal  repiTi,  of  that  M^m..  H^UI  rc-des.ribed  it  and  at  the  same  lime  il- 
hislraied  ii  in  the  ainiin|>:iiiyini;  plates,  Amon^  the  illustrations  on 
plate  64,  fii;i:re  le.  is  a  ,-|iec  imeii  from  the  vicinity  of  Cincinnati,  and 
nianifeiiily  (iisiiin  t  from  the  typical  forms  of  /.,  Trentonenst's. 

lur  ih<->:ikc  of  comparison  we  have  outlined  (Plate  XIII.  fig.  8,) 
the  glabella  and  accoiiipaiiyiny  ]jarls  of  Liclias  TreiiU'ttemis  as  it  occurs 
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at  Trenton  Falls,  New  York.  The  sides  of  the  middle  lobe  of  the 
gUbelU  are  but  very  slightly  divergent  jjoslenorly,  reaching  the  occip- 
ital ring  wiihom  any  change  of  direction,  therefore  not  forming  a  pestle 
shaped  widening  at  the  posterior  end  of  this  lobe.  The  lateral 
lobes  also  reach  the  occipital  furrow,  their  sides  preserving  the  same 
degree  of  curvature  behind  the  palpebral  lobes  until  they  reach  the 
occipital  furrow.  The  facial  sutures  extend  from  the  palpebral  lobe 
with  a  short  curve  laterally  and  posteriorly  to  the  posterior  margin  of 
the  head.  The  fixed  cheeks  occupy  a/i  of  that  [wrtion  of  the  head 
which  lies  between  the  facial  sutures,  the  palpebral  lobes,  and  the  lat- 
eral lobes  of  the  glabelln.  Beginning  near  the  posterior  termination 
of  the  facial  suture,  a  furrow,  narrow  but  distinct,  runs  with  a  mod- 
erate curvature  along  the  movable  cheek  forwards,  within  a  moderate 
distance  from  the  eye. 

The  Ohio  specimens  we  propose  to  name /jirAffX /fii/A  after  the 
illustrious  state  geologist  of  New  York.  The  sides  of  the  middle  lobe 
of  the  glabella  at  a  short  distance  from  the  occipital  furrow  make  a 
rapid  double  curve  laterally,  then  incurve  slightly  until  they  reach  the 
occipital  furrow,  giving  by  this  means  to  the  posterior  end  of  the  mid- 
dle lobe  of  the  glabella  a  shape  somewhat  tike  that  of  an  apothecary's 
pestle,  and  which  is  characteristic  of  quite  a  distinct  section  of  the 
genus  Lichai.  The  sides  of  the  lateral  lobes  of  the  glabella  converge 
posteriorly  and  meet  near  the  lateral  edges  of  the  pestle-like  forma- 
tion just  described,  but  do  not  extend  to  the  occipital  furrow.  Be- 
tween the  postero-lateral  terminations  of  the  lateral  lobes,  the  lateral 
portions  of  the  pestle-like  termination  of  the  middle  lobes,  the  occi- 
pital furrow,  and  ihe  fixed  cheeks  lie  very  marked  lobes,  which  from 
their  proximity  to  the  occipital  furrow  may  be  called  occipital  lobes. 
In  consequence  of  these  lobes  the  inner  posterior  edge  of  the  fixed 
cheeks  is  considerably  incurved.  The  glabella  as  a  whole  is  rather 
flattened  above  but  anteriorly  it  curves  rather  rapidly  down  to  the  an- 
terior margin  of  the  head.  The  palpebral  lobes  are  rather  large. 
There  seems  to  be  no  distinct  furrow  on  the  movable  cheeks  running 
from  the  anterior  to  the  posterior  sides  of  the  same.  The  interpreta- 
tion of  the  structure  of  the  cheeks  is  not  so  clear  from  the  specimens 
at  hand  but  seem  to  follow  some  of  the  more  lamiliar  types.  The  pos- 
terior margin  of  the  fixed  cheeks  namely  curve  forward,  joins  the  pos- 
terior margin  of  the  movable  cheeks,  the  latter  curving  backward  and 
forming  with  the  anterior  edge  of  the  movable  cheeks  a  broati  pleura- 
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like  wing  lo  tht  head.       The  occipital  fiirrow  continues  along  the  [Ws- 

(crioT   margin  of  ihe  fixed  chHk  as  a  deep  furrow,  but  vanishes  soon 

sfier  the  movable  cheek.     The  pleur%  are  aboul  (hree-founhs  as  wide 

1  Ihe  axial  lobe.     The  entire  surface  is  covered  with  low  granules, 

none   of  which  reach  any  great   prominence.     The  specimen  figured 

I  was  collected  from  the  upper  portion  of  the  Cincinnati  Group  In  Cler- 

I  inont  county,  Ohio,  by  Mr.  QJDton  Cowcn,  who  kindly  presented  it  lo 

LiclMS  bm'ktps  as  ideniilied  from  the  Clinton  Group  of  Ohio, 
shows  similar  stmclure  of  the  glaliella,  but  the  occipital  lobes  are 
small  and  produce  no  marked  effect  upon  the  outline  of  the  fixed 
cheeks.  The  pnlpebral  lobes  are  also  narrower.  In  the  Waldron 
tyj>e  we  have  failed  to  discern  the  occipital  lobes  and  if  presen^at  all 
they  must  be  very  small.  The  palpebral  lobes  are  however  very  prom- 
inent as  in  the  I^wer  Silurian  form.  The  movable  cheek  is  very  dif- 
ferent as  may  be  seen  in  an  omline  drawing  introduced  into  the  plate 
for  Ihc  purpose  of  com[>arison. 


UPrKK  SlI.rRI.VN— AMERICA. 


{PhU  XI 11.   Fig.    iS.) 

1.1    iIr-  Dayton  IJiiiosiniiL-  of  Oiiii),  Mr.  \"an  CIcvf  found  :i   lu^sil 
whii:li   Ik-  lal.clo.l  as  Saninula  ioxamim.   !.a:>i,,nk.      'i'liis  is  a  fi.rm   re- 

lar  cMcpt  111  iliL'  cliara.  ti-r  of  ihc  i-k-vatii..ns  inio  which  the  jjiis  of  the 
calycL-s  arc  -uiik.  TIksc  an-  >onK-ttliat  more  prominLMU  ihaii  the  rig- 
urc  accompaiiyiiij;  ihc  urij;inal  description  would  lead  one  to  siisjjcct ; 
but  the  dirrereruc  i>  not  >..  <;rcat  tliat  <nir  specimens  might  not  rcadily 
be  a  slight  variation  from  the  type.  Tlie  interior  of  the  pits  is  2  mm, 
in  diam-jier.  'riic  i-levaiions  are  referred  lo  series  in  one  direction 
more  re.uiily  th.m  in  am  oiher.  but  still  there  is  considerable  variation 
in  the  distanie  between  any  two  elevations.  Six  millimeters  is  the  av- 
erage distance,  but  this  varies  ra])idly  in  different  parts  of  the  same 
Hpecimcn  from  4  to  10  mm,  'I'lie  elevation  of  even  the  most  promi- 
nent malliform  cunes  dues   noi  exceed  2  mm.      It  is  noticed  that   the 


^ 


rugic  which  striate  the  siirfjce  are  more  or  less  radial  at  the  mouth  of 
Ihe  pils  but  as  ihey  descend  the  elevation  they  rapidly  take  a  common 
direction  and  become  qtiite  parallel  and  more  or  less  wavy  between 
the  elevations.  The  direction  of  the  striffi  then  is  transverse  to  the 
direction  in  which  the  elevations  are  said  lo  be  more  readily  referable 
to  series.  This  arrangement  is  very  common  in  the  genus  Smilliiii  of 
Edwards  and  Haine,  a  subgenus  of  PkiUipsastrxta,  D'Orbigny. 

The  specimen  referred  to  this  species  by  Mr.  William  j.  Davis, 
{Keniucky  Fns.iil  Corals,  Ff.  123,  Fig.  1,)  has  not  the  slightest  resem- 
blance either  to  the  type  or  10  the  Onio  specimen  here  tinder  cunsid- 
eraiion  ;  it  belong-:  rather  to  that  smaller  variety  of  JJ  penta^onus  which 
is  usually  regarded  as  typical  of  the  sjiecies.  S.  incertust  Davis  of  the 
same  plate  is  a  good  medium  si/cd  sp-cimen  of  the  same  species. 
S.  ptnta^oniis.  Fig.  3,  of  PI.  \i\,  is  a  similar  firm  with  a  slightly  less 
distinct  margin  around  the  pits  in  the  centre  of  the  calycfs,  S.  s'n- 
atus.  Fig.  i.ofPI.  122.  representsone  of  the  larger  varieties.  A  form 
slightly  less  in  size,  with  more  defined  margins  about  the  pits,  is  fig- 
ured by  Rominger.  Fossil  Corals,  ?1.  48.  Fig.  i.  His  figure  2  ol  the 
same  plate  represents  one  of  the  smaller  forms  The  species  is  ex- 
tremely variable  both  in  the  siz;  of  the  calyces,  and  in  the  fineness  of 
their  radijl  striations.  Variation  is  however  the  normal  condition  of 
species  of  wide  geogr.iphical  distribution. 


(/y<T/cxrii,  Fig.  6.) 


Since  Hall,  in  the  Geol.  Rep,  of  Wisconsin.  1862.  separated  Sph. 
RomingM  from  Spk.  mi'rus,  on  account  of  distinctions  presented  by 
the  pygidia  at  that  time  associated  with  undoubted  glabelli'e  of  a  spe- 
cies of  Sphienxochus,  it  has  been  the  fashion  of  American  paleontolo- 
gists to  refer  all  .\merican  specimens  to  Hall's  species.  To  show  that 
this  is  probably  incorrect,  a  description  of  the  glabella  of  a  specimen 
obtained  in  the  Ouelph  at  Cedarville,  Ohio,  is  appended,  which  will 
be  seen  to  agree  even  in  the  minutest  details  with  the  European  forms 
referred  to  Beyrich's  species. 

Glabella  almost  hemispherical,  slightly  broader  than  long;  two 
small  lobes  cut  off  a  part  of  each  side  of  the  glabella  at  the  occipital 
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furrow.  ihcir  dianieirr  is  nboui  iwo-thirds  of  the  di 


rut*  them,  or  but  slighi'y  \esn.  The  groove  delining  these  lolies,  t 
occi|iiia[  furrow,  the  groove  separating  Ihc  fixed  cheeks  and  then  de- 
fining the  anterior  margin  nf  tlic  glabella  are  all  very  distinct.  The 
facial  sutures  begin  to  define  ihc  fiKed  cheeks  at  a  |>oin(  near  the 
Upper  margin  of  the  lateral  lobes  of  the  gUl>eiU.  then  ihey  p  >s^  within 
4  mnderaic  distance  of  the  lateral  I  >bes  to  a  place  slightly  behind  the 
middle  of  these  lobes,  after  which  H'ey  itirn  quite  abruptly  outwanl 
and  then  curve  Iiackw^ird  to  the  posterior  margin  of  the  head.  At  a 
fuint  rather  beyon<l  the  middle  of  the  ixx-ipiial  Iwrder  of  the  fined 
cheeks,  near  the  edge,  there  ix  a  low  tiil>erc:le.  On  each  side  of  the 
glabella  are  two  fami  gro:>rcs  which  arc  readily  overlooked,  especially 
in  casu.  When  examined  howeirer  with  a  magnifier,  and  with  the 
light  thrown  in  the  proper  direction,  they  are  really  qtiiic  disiioct. 
The  first  jtair  lie  about  two-thirds  the  diameter  of  ^hc  lateral  lobes 
above  their  anieriur  margin;  the  second  pair  lie  about  (he  «ame  di»- 
un^e  beyond  the  second.  Being  short  tbev  arc  not  readily  seen  in  a 
view  from  above  1'he  head  parts  of  the  Ohio  spedmens  are  (herefore 
seen  to  a^ree  [wrfectly  with  those  ol  the  European  Sfi.  miius  ITic 
pvnidiiim  associated  «iih  the  Wisconsin  species  Ivelongs  to  CVraums 
.V,,r;.;/r'/,,-,i,  ,is  H:ill  hni.-tlf  .iflervv.irds  noteJ.  We  fail  iherelbre  !o 
,lis,,.,,T    »li.u  iIk-   ,iis[|iiL:iii>hini:   (e,uures   of  Sph.  R,'m„r;en    jre.  but 
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I  ri'Kk  ^l]A"R]AN.-.\^STRAl.lA. 

KvcM.tRt-  I!K.,«-s,Nn,,   sj>.    n. 

.I\.iu  Mil.  i-\.  -.) 

ic'.l.i  !^  M.TI   nui.-h    riiiinili.-ii   :tnd    infl.ited   lor  alHn:t    ;«o- 

t-:  "iiiih  <.'{  v.\v  .Ulterior  ji.irt^,  shghlly  widening  lirh.nJ. 
:ii.-,rkL-.!.Mn.-.iM-ou:hiu't..ilH-  -^ide^  of  ihe  gi.ibeiii.  I  r.<^ 
.A     .  ,;-ot"  11. It  vcrv  .ire,..   \w  the  border  behinii  it  :-  eie- 

i;;e  j;;.i;iel,i  tile  Iiilierele-  .ire  jrr.i»jied  in  .juite  ■.i>tret 
.IS.      In  the  >|ieiimcii   figured,  the   first  three  rows   ha^e 


four  tubercles  in  each,  the  first  from  the  occipital  groove  being  quite 
small,  increasing  in  size  rapidly  in  tlie  other  two.  The  fourth  row  con- 
tains six  tubercles  of  large  size.  Ader  this  the  tubercles  remain  large 
but  have  no  longer  a  regular  arrangement  transversely.  The  large 
size  of  the  lubercles  is  very  marked  and  characteristic.  The  eyes  are 
about  in  line  with  the  space  between  the  second  and  third  row  tuber- 
cles. The  groove  separating  the  fixed  cheeks  is  very  deep.  The 
fixed  cheeks  begin  a  slight  distance  behind  the  widest  part  of  the  gla- 
bella. The  distance  between  the  eyes  is  equal  to  the  length  of  the 
glabella  and  occipital  ring.  Posterior  to  the  eyes,  the  facial  sutures 
make  a  sharp  angle  with  the  continuation  of  the  occipital  furrow. 
Immediately  behind  the  eyes  there  are  two  rows  of  small  tubercles 
which  soon  merge  inlo  one.  Between  the  eyes  and  the  glabella  are 
the  largest  tubercles  on  the  fixed  cheeks,  but  even  there  are  much 
smaller  than  those  of  the  glabella.  The  continuation  of  the  occipital 
furrow  over  the  fixed  cheeks  is  deep  and  narrow  at  first,  rapidly  widen- 
ing and  becoming  shallower  towards  the  postero-lateral  margins  of  the 
head.  The  posterior  border  of  the  head  is  distinctly  raised,  defining 
the  occipital  furrow  very  well.  If  very  carefully  examined  it  shows 
low  tubercles  along  its  summit,  but  these  might  bs  readily  overlooked. 

Mr.  S.  G.  DeKoninck,  in  Foss.  Pal.  No-iv.  Salles  du  Sud.,  cites 
the  occurrence  of  B.  purutatus,  BninnUk  at  Vass,  8  mi.  southeast  of 
Bowning,  and  also  at  Duniroon.  But  our  specimen  is  evidently  not 
of  that  species.  The  fact  that  ihe  postero-lateral  ends  of  the  head  in 
that  species  are  sharp,  acutely  pointed  would  be  sufficient  to  distin- 
guish that  species  from  ours.  The  shape  of  the  glabella  is  also  very 
different,  as  is  well  shown  by  a  typical  European  specimen  which  has 
been  introduced  into  our  plate  for  ihe  s.ike  of  comparison.  Since  the 
specimen  from  Duntroon  however  is  said  to  be  quite  perfect  we  may 
also  safely  add  that  our  specimen  belongs  to  a  different  species  from 
that  of  Duntroon  as  identified  by  DeKonnick. 

Mr.  R.  Elheridge,  Jr.,  has  cited  the  same  species,  E.  punclafus, 
from  Bombala.  but  the  material  was  not  entirely  satisfactory. 

Mr.  S.  U.  DeKoninck  described  Ice.  cit ,  a  new  species  £.  Bar- 
randei  {rom  Yarralumla.  He  says  however  that  the  furrow  separating 
the  fixed  cheeks  from  the  glabella  is  feebly  indicated,  whereas  in  our 
specimens  it  is  very  marked.  Jt  resembles  our  specimen  in  the  entire 
loss  of  the  pomled  ends  of  the  movable  cheeks  which  are  so  promi- 
nent in  E.  punctalus.      Judging  by  the  figure  the  tubercles  are  consid- 
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erably  smaller  on  the  glabella,  and   far  more   numerous  ;  there  U  a 
greater  distance  between  the  eyes  and  the  continuation  of  the  occipi- 
tal furrow,  and  this  is  occupied  by  a  greater  number  of  rows  of  tubcr- 
_  elw,  three,     This  is  cvideoily  the  most  closely  related  species,  but  if 
^1)18  drawing  is  at  all  correct  then  aw  species  is  quite  distinct. 


Encbinubus  Mitchelli,  sJ>.  n. 
( A/fr  XIII,  /^igs.  2,  3.  2o.) 


(ilabella  anterior  to  the  facial  suture  not  known  in  ihe  larger 
Specimen;  the  facial  suture  gives  the  anterior  ouilinc  of  the  remainder 
of  the  glabella  an  evenly  rounded  appearance.  The  sides  of  the 
glabella  are  moderately  concave,  widening  anteriorly,  having  the 
greatest  breadth  at  two-sevenths  its  length  from  the  occipital  furrow. 
On  either  side  along  the  dorsal  furrow  are  a  row  of  large  and  very 
cfc'nspicuous  tubercles  or  lobes  which  form  a  marked  conirast  with  the 
rather  small  tubercles  on  the  remainder  of  its  surface.  In  the  speci- 
mens before  us  there  are  five  of  these  ;  the  fiisi  is  ccmpresscd  autero- 
posteriorly,  the  next  ihree  are  well  deveiepcd,  and  the  fifth  is  con- 
siderably sni^ilk-r  ihaii  ihcse.  The  remainder  of  the  glabelln  is  rather 
thickly  set  with  smull  tuher(  Its.  The  fixed  cheeks  also  have  more 
conspicnims  tubercles  aliuif;  the  dorsal  furrow,  of  about  half  the  si/e 
of  the  corresponding  luliercles  on  the  gbbi-lla,  and  alternating  with 
Ihem.  Ihe  eyes  arc  about  e<nially  distant  from  the  dorsal  furrow  and 
the  roniinuiiiion  nf  the  oci  ipital  furriiw.  Posterior  to  the  eyes  the 
facial  sutures  fiirm  a  very  sh^irp  aiij;le  with  the  occi]>ila!  furrow  cut- 
ting the  lateral  margins  of  the  head  just  at  furrow;  at  first  two  rows 
of  small  tubercles  se|iarate  ihc-m,  (|iiii:kly  merging  into  one.  The 
tubercles  incre.ise  in  si/e  toward  the  dorsal  furrow.  .\  moveable 
cheek  belonging  to  the  more  broken  siie<imen  shows  thnt  the  decji 
dorsal  furrow  after  sbar|>ly  defining  the  anterior  part  of  the  fixed 
cheeks,  makes  an  equ.dly  iinmiincnt  de|>rcssion  as  it  enters  tlie  move- 
able check,  ipiickly  decreasing  in  dejith  and  broadening  as  it  turns 
ba(kwar<l  along  the  margin  of  the  head.  The  part  anterior  to  this 
groove  according  to  the  general  morphnlngy  of  the  genus  Enerinums 
once  must  have  furmcd  the  anterior  part  of  the  glabella.  Like  the  ad- 
jacent pans  of  the  glabella,    it  is  covered  with  small  tubercles.     The 


OE    UENtSON    UNIVERSITY 


cheeks  posierior  to  the  grooves  have  but  few  tubercles  and  these  arc 
also  small.  The  occipital  furrow  is  well  marked,  and  the  occipital 
occipital  margin  is  raised  and  distinct.  The  thorax  is  composed  of 
twelve  segments.  The  middle  lobe  is  about  ihree-fifihs  as  wide  as  the 
lateral  lobes.  If  characterized  by  well  marked  tubercles  the  speci- 
mens before  us  do  not  show  them.  The  pygidium  is  triangular, 
broader  than  long,  in  the  ratio  nf  seven  to  five.  The  central  lobe  an- 
teriorly is  equal  to  about  half  the  breadth  of  the  lateral  lobes.  The 
lateral  lobes  with  nine  distinct  anchylosed  segments,  with  a  possible 
tenth.  These  apparendy  without  lobercles.  The  middle  lobes  with 
about  twenty-eight  transverse  ridges.  In  casts  these  are  broken  or 
even  indistinct  along  the  middle  of  the  lobes.  Beginning  with  the 
fourth  ridge  every  fourth  succeeding  ridge  bears  a  tubercle  at  the 
middle.  While  litudying  the  Encrinuridif.  the  question  has  often  raised 
itself  whether  tubercles  prominent  in  liie  cast  might  not  be  entirely 
absent  on  the  surface  of  the  pygidiom  itself  but  unfortunately  we  have 
never  had  the  proper  material  to  determine  this  question. 

Two  species  closely  related  to  E.  Aliklirlli  have  already  been 
described  from  Australia  by  Mr.  L.  G.  DeKoninck.  The  first  is 
Cromits  BDkemUus,  Barrande.  A  comparison  with  the  Bohemian 
species  however  shows  marked  differences.  The  large  tubercles  at  the 
dorsal  suture  are  in  the  Bohemian  species  represented  as  lobes  with 
the  smaller  tubercles  of  the  remainder  of  the  gl.ibella  also  present 
on  them.  The  eyes  are  farther  removed  from  the  occipital  furrow. 
There  are  twelve  well  marked  ridges  on  the  lateral  lobes  of  the  pygid- 
ium, the  summit  of  which  is  represented  as  being  flat  while  in  ours 
they  are  distinctly  rounded.  Th-;  side*  of  the  pygidium  are  also  rep- 
resented as  being  denticulated;  in  our  specimens  traces  ol  a  similar 
structure  are  visible  but  ihey  are  not  sufficiently  distinct  for  delinea- 
tion. The  description  of  the  specimens  from  Yarralumla  makes  it 
probable  that  these  are  also  distinct  although  closely  related. 

The  pygidium  of  the  second  species  described.  Cromus  Afunhisoiii, 
L.  G.  De  Kottinck  is  said  in  the  text  not  to  have  been  found.  The 
pygidium  figured  in  the  plate  and  mentioned  in  the  explanation  ol  the 
same,  undoubtedly  was  associated  by  him  with  his  Encrinurus  Bar- 
raniiei  ottlie  same  plate,  and  agrees  well  with  his  description  of  that 
species.  Cromiis  Murchisoni  is  readily  distinguished  from  our  species 
by  the  absence  of  the  large  tubercles  along  the  dorsal  furrow,  the  ar- 
rangement of  the  posterior  tubercles  in  transverse   rows  (a  fact  not 
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observed  in  ours;  jn<]ced  il  suggests  in  this  our  firel  species,  but  tht 
xnierior  of  the  glabella  is  not  round;  the  drawing  evidently  leav« 
much  to  l>e  desired) .  and  ihe  greater  distance  of  the  eye  from  txilh 
dorssi  and  occipital  furrows. 


iJVr.U  XIII,  /■«.    1.) 

Head  with  semi-circular  outline,  iilmost  twice  as  broad  as  long. 

rior  lobes  of  the  glabella  equalling  eight-elevenths  ofth^  length  of 
the  head;  its  anterior  margin,  instead  of  being  regularly  rounded  as  is 
usual  in  most  species  of  Phacops,  is  rounded  most  at  the  middle  of  its 
outline  and  at  its  junction  with  the  dorsal  furrow,  giving  the  interme- 
diate outline  on  each  side  a  somewhat  compressed  appearance.  The 
curvature  of  the  sides  of  the  glabella  is  small,  they  converge  posleriorij' 
and  form  an  angle  of  about  seventy  five  degrees  with  each  other. 
'With  the  exception  of  a  faint  median  elevation  the  surface  is  ijuite  flat, 
above  bending  rather  abruptly  into  the  dorsal  furrows  and  at  the  anter- 
rgin     even     beciinirng    incurved.     The    specimen    is   slightly 
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surface,  but  if  so  they  i 
covered  however  with  iov 
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spicuous.      It  is 
lobe  of  the  glabella 
marked  at  the  sides, 
vy  shallow  forming  a  s. 


.'ing  more  or  less  forwards.  This  furrow  cuts  off  from  the 
■r  of  the  glabella  two  small  [losterjor  lobes,  at  either  side  con- 
de])resse(I  below  (be  general  level  of  the  glabella  and 
■A  with  a  small  knoh.  posieriorly  it  is  defined  by  the  well 
iir.ipii^il  furrow  The  occipital  ring  is  very  broadly  subtrian- 
il  is  leniiinaled  wiih  a  distinct,  short.  ])ointed  projection, 
pcMis  itself  on  all  the  segments  of  thi-  axial  lobes  of  the  thorax. 
■  liei  ouiinj;  indisiLni.i,  and  vanishing  soon  after  reaching  the 
nf  the  axial  lobe  ot  the  pygidium.  The  eye  has  a  reniform 
nil  exteniK  from  a  short  distani  c  behind  the  point  of  greatest 
the  j;l,ihi.'lla  lo  within  a  shoit  distance  of  the  continuation  of 
jil.il  liirrnw.  The  |)alpebral  lobe  is  .strongly  defitied  by  a  very 
iirruw   ttluLh  al>ii  outlines  the    jiosterior   parts   of  the    eve. 


There  are  sixteen  vertical  rows  of  lenses  in  the  eyes  and  the  largest 
row  seems  to  have  coatained  nine  lenses,  bm  this  can  not  be  dciermin- 
ed  since  the  eye  seems  to  be  a  little  injured  below.  Thai  pari  of  the 
fixed  cheek  which  lies  between  ihe  eyes  and  the  dorsal  furrow  seems 
strongly  arched,  behind  the  eye  this  cheek  is  very  narrow  and  ihen  it 
widens  but  moderately  before  meeiing  the  occipital  furrow,  which 
curves  forward  along  the  side  of  the  head  and  here,  meeiing  the  fur- 
row defining  the  posterior  pari  of  the  eye,  bends  forward  giving  great 
relief  t'l  the  eye,  and  running  in  a  much  less  disiinci  form  ahmg  the 
base  of  the  incurved  from  of  the  glabella.  The  occipilal  lurrow  is 
everywhere  very  drslinct.  The  postero- lateral  ouilines  of  the  head  are 
rounded,  The  thorax  consists  of  eleven  segments.  The  middle  lobe 
is  almost  as  broad  as  the  lateral  lobes,  on  account  of  ihe  (juiie  sudden 
lateral  deflection  of  the  pleurte  at  about  half  their  length.  The  sides 
of  ihe  segments  of  the  middle  lobe  are  more  or  Kiss  curved  forward, 
and  are  slighlly  thickened.  The  length  of  the  pygidium  is  equal  to 
about  two  thirds  its  width.  The  middle  lobe  of  the  pygidium  at  its 

anterior  portion  is  about  two-sevenths  as  broad  as  the  pygidium  ;  it 
tapers  quite  rapidly  posteriorly.  It  is  marked  by  seven  transverse 
rings  of  which  ihe  sinth  is  very  low  and  the  seventh  is  very  indistinct. 
The  pointed  lips  already  mentioned  are  readily  noticeable  only  on  the 
first  ring,  on  the  second  they  are  represented  by  n  low  granule,  on  the 
third  ihis  becomes  indistinct,  on  ihe  fourth  ihey  disappear.  The  lat- 
eral lobes  are  marked  by  six  ridges  of  which  the  sixth  is  indi.siinct. 
The  firsi  ridge  is  quite  broad  and  is  marked  by  a  well  defined  although 
shallow  furrow.  On  ihe  second  ridge  this  furrow  becomes  narrowen 
on  the  third  it  is  no  limger  noliced.  The  furrows  defining  the  middle 
lobe  are  distinct  and  give  it  a  high  relief. 

In  Prodr.  Pal.  Vicioria,  Dec.  Til.  1876,  Prof.  McCoy  described 
from  the  Upper  Silnrian  beds  at  Vering  Ph.  femndus,  Barrande. 
Since  this  is  the  species  mosi  closely  related  10  ours  we  compared  our 
specimens  with  the  Bohemian  species  with  ihe  following  results  In 
the  Bohemian  species  the  compression  on  each  side  along  ihe  anterior 
of  the  glabella  is  noi  noliced.  this  part  of  the  glabella  being  evenly 
rounded.  The  anterior  lobe  of  ihc  glabella  is  characterized  by  distinct 
narrow  lunate  furrows,  of  ihe  arrangeineni  typical  with  this  genus. 
The  middle  lobe  of  ihe  pyyidium  is  less  tapering  posteriorly,  and  con- 
lains  eight  well  characterized  transverse  rings  in  addilion  lo  a  small 
terminal  piece.    The  ridges  or  anchylosed  segmenisof  the  lateral  lobes 
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are  all  dislinctly  grooved  along  their  summit.  The  feaiurc  upon 
which  we  place  iht  most  stress  however  is  the  line  of  pointed  elevations 
along  the  median  line  of  the  animal,  beginning  with  a  very  conspicuoos 
temiiiiation  of  the  occi[)itaI  ring  and  ending  with  a  few  low  granalct 
on  the  pygidiiim.  These  give  the  axial  lobe  when  vicwtd  from  the 
side  ijuite  a  serrated  ai^jiejiraiice.  If  these  be  not  of  specific  volw, 
species  fails  and  becomes  mere  variety. 


CVAl 
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Externally  the  polyp  is  marked  by  <iiiite  distinct  costs.  The 
polyp  is  conical,  slightly  curved,  the  side  towards  the  apcrttital  gap 
being  the  more  convcK  one.  Fine  siritc  or  lines  of  grnwth.  with 
wrinkliB  of  no  prominence,  pass  around  the  polyp,  l^mcllsc  in 
the  c.ily;t,  40,  low  and  rounded,  nearly  rounded  above,  half  of  ihem 
disappearing  soon  after  reaching  the  bottom  of  the  calyx.  Betweea 
[he  himmelhi:  in  the  groove  is  a  seri«  of  minute  points,  about  1 1  of 
whitli  occurs  in  a  length  of  two  mm.  Length  of  polyp,  (0  mm  ; 
jr.'aiith.     10    mm.  ilL-|>lh  of  c:Uy\  :ir  legist   5   mm.    it  m.iy  h.ive  lieen   a 
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These  species  all  agree  in  having  a  deep  calyx, 

itie  laineI1%  along  the  calyx  are  low,  not  reaching  in[o  the  calyx,  and 
instead  of  small  transverse  leaflets  between  Ihc  disseppitnents  as  in 
Cyal/tof-hylluin.  there  are  only  minute  pits.  They  however  belong  to 
that  class  of  fossils  typified  by  Cyafhophyllum  xnA  form  aconnecling  link 
with  Zaphrtntis.  The  pits  may  be  said  to  represent  the  spaces  between 
the  diiseppiments  in  Cyafhophyllum,  and  the  denticulalions  in  the  last 
two  species,  the  coarser  deniiculations  of  the  sub-genus  Heliophyllum. 
We  think  it  convenient  to  establish  another  subgenus  for  these 
aberrant  forms  and  as  such  suggest  Pahtpcyatkus. 
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CYAIHOPHVI.r.UM    PATULA, 


(PlaU  XIII.   Figs.  9,  lo,  11.) 


Polyp  very  much  much  broader  than  long.  One  at  hand  is  lo 
mm.  high,  35  mm.  broad  in  one  direction,  and  29  mm.  broad  in  a 
direction  at  right  angles  with  the  last.  Another  specimen  was  8  mm. 
high,  42  mm.  broad  in  one  direction,  and  about  34  mm.  at  right 
angles  with  this.  A  third  specimen  was  about  9  mm.  high  and  11 
mm.  broad.  So  that  the  variation  is  evidently  a  matter  of  breadth 
more  than  that  of  length.  The  shape  of  the  polyps  would  indicate  as 
much.  For  a  distance  of  about  8  mm,  from  the  centre  the  base  of 
the  polyp  shows  iis  greater  convexity,  or  rather,  increase  in  bight, 
and  this  is  also  the  thickest  part  of  the  polyp  itself.  Beyond  this 
radius  it  rapidly  grows  thinner,  its  thickness  usually  being  z  mm.  or 
less,  so  that  in  a  large  sized  polyji  there  may  be  a  thickened  centre  of 
about  16  mm.  diameter  and  a  very  fragile  border  of  i?  mm.  or  more 
entirely  around  the  margin.  This  border  is  always  flattened  on  the 
side  of  the  central  gap.  The  entire  coral  is  always  curved  very 
decidedly  upwards  on  the  side  of  the  apertural  gap.  Sometimes  this 
curvature  is  even  and  rounded,  often  it  is  more  or  less  irregular  and 
broken  by  sina;  of  growth.  This  difference  in  growth  between  the 
side  at  the  central  gap  and  that  at  the  apertural  gap  places  the  centre 
of  the  coral  always  considerably  closer  to  the  apertural  gap.  In  the 
first  specimen  above  noted  the  centre  of  the  coral  is  1 1  mm.  from 
the  apertural  gap  and  16  mm,  from  the  central  gap.  It  may  be 
noted  that  in  all  corals  of  this  group  I  have  examined  the  side  of 
greatest  curvature  was  always  on  that  of  the  apertural  gap,  and  that  if 
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anywhere  a  concave  curvaiurc  tiH>k  place  U  appeared  strongest  new- 
en  ihc  basi  of  the  coral  on  the  side  of  the  ccniral  gap.  Entcriorly 
the  coral  is  marked  by  the  radiating  coslse,  by  lines  of  growth,  which 
usually  are  not  very  promineni  nor  closely  set,  and  by  much  finercon- 
ceniric  striae,  best  seen  by  aid  of  the  magnifier.  Interiorly  the  polyp 
ia  licen  to  be  composed  of  a  targe  number  of  lamellx,  among  which 
there  is  very  little  increase  by  intercaUiion,  this  usually  taking  place 
through  successive  implantations  at  the  various  gap*.  As  might  be 
judged  from  the  thinness  of  the  coral,  the  lamcllK  are  not  very  much 
rai^d  above  the  epithecal  covering.  Excepting  near  ihe  center  ihey 
are  liille  more  than  low  ridges.  At  the  center  they  seem  to  be  slighlly 
twisted  together  and  to  be  slighlly  depressed,  forming  a  narrow  shallow 
cup;  our  specimens  do  not  show  this  part  well.  The  number  of  the 
lamella:  of  course  varies  with  the  breadth  of  ihe  specimen.  In  the 
first  specimen  mentioned  there  were  about  130 ;  the  average  is  la  or 
13  along  ihc  margin  in  a  distance  of  10  mm.  A  cross  section  near 
the  center  of  the  coral  shows  that  at  this  point  the  lameltie  are  thin 
and  are  crossed  by  vesicular  tissue.  The  lamellie  along  the  sides 
'  we  much  indented  in  a  manner  similar  to  that  characteristic  of  the 
subdivision  of  this  genus  known  as  Helicphytlum.  I  however  know  of 
no  form  of  thi^  genus  which  has  any  resemblance  to  this  species. 
Like  the  species  last  described  ii  forms  an  interesting  aberrant  varaiion 
of  the  genus. 

It  will  be  noiiced  that  ,9.  G.  De  Koninck  quoted  Ptya'phyilum 
patdliiliim.  Sihlosheim  from  Dangeloiig.  This  is  a  species  verj' 
siinikir  in  r>rni,  m.iy  however  be  ever  be  superficially  distinguished  by 
the  r.Kt  that  it  h:is  couspi,'ui>us  elevations  of  long  and  short  lanielhc. 
and  thai  these  liL-^iii  to  he  twisted  already  at  a  short  distance  from 
the  .  entre. 


I'UMMM    ]lO1.0NIKNsF,    BhunvilU} 
(Plat,-  XI II.  Fig_.    [5.) 


(^irallum    iom|jiised    nf    ininieroiis     ]iolyi;onal     polyps.      Polyps 
lypiially    l;\e    ux    six    sicle<l,  but  often  with  four,  seven,  or  eight  sides 
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on  account  of  the  iineciiial  compression  of  the  polyps.  Their  walls 
are  not  perforated,  ihose  of  adjacent  polyps  are  not  intimately  con- 
nected so  that  in  case  of  fracture,  the  coral  often  splits  along  the 
middle  of  these  walls  Weathering  will  often  loosen  the  polyps  in  a 
similar  way.  The  broken  coral  then  assumes  a  columnar  appearance. 
The  columns  are  longitudinally  corrugated  at  regular  intervals  by 
continuous  ridges,  five  or  six  on  each  side  of  ils  polygonal  outline; 
and  also  transversely  corrugated,  but  at  very  irregular  inteyvals. 
There  are  also  numerous  transverse  striae,  which  appear  under  a  lei^. 
Interiorly  it  consists  of  about  thirty-five  lamellie  which  extend  from 
the  walls  towards  the  centre.  The  gre  iier  part  disappear  before 
reaching  a  distance  within  one  milUimetre  of  ihe  centre,  and  of  the 
rest  occasionally  one  or  two  reach  the  very  centre;  in  thai  case  some- 
of  them  sometimes  seems  to  pass  on  for   a   slight  distance  beyond  the 


center.     The  spaces  bet' 
leaflets  or  dissepiments. 

We  do  not  believe  that  thii 
French  species,  but  the  structural 
than  with  any  other  known  to  us. 
a  smaller  number  of  lamella,  in 
often  more  or  less  wavy, 
would  indii 


not 


lamelire  are  occupied  by  vesiculose 

species  is  really  identical  with  the 
milarily  is  greater  with  this  species 
The  Australian  form  however  has 
a  cross  section  they  are  seen  to  be 
uniformly  straight  as  our  figure 
number  of  disseppiments  is  also  slightly  less 
rre  represented.  The  general  effect  is  however  well 
given.  These  minute  differences  were  noticed  afier  the  drawings 
were  made.  It  differs  from  C.  hexagonum,  Goldfuss  in  the  absence  of 
a  zone  of  thickening  in  the  lamellre  about  the  centre  of  the  polyp. 
From  C.  riigosum,  Edw.  and Haiiit  it  differs  according  to  Rominger's 
identifications,  in  the  much  smaller  number  of  dissepiments,  and  in 
the  fact  that  the  lamella;  do  not  lose  their  character  at  a  certain  dis- 
tance from  the  centre  and  then  continue  are  mere  ridges  over  the 
tabula.  The  interior  termination  of  the  lamellae  is  far  more  regular. 
While  our  specimens  show  a  close  structural  affinity  with  C. 
Bohniense,  the  fact  that  we  have  not  well  preserved  views  of  the 
calyces  prevents  our  determining  whether  the  slight 
observed  are  specific  or  varietal  in  nature. 

ENDOPHVt-LUM  . 

{PiaU  YAW,  Figs.  i6,  17.) 
Corallum  composed  of  numerous  polyps,  polygonal  or 
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in  ouiline  and  separated  by  thin  walls.  These  walls  are  most  readily 
deteried  in  weathered  specimens,  on  account  of  yielding  mosl  readily 
to  the  dissolving  action  of  ihe  atmosphere.  In  cross  sections 
they  are  seen  as  thin  wavy  outlines  separating  the  vesiculuse 
tissue  of  adjacent  poly[>s.  On  account  of  the  confused  structure  of 
this  tis.sue  these  walls  are  then  seen  only  on  careful  examination,  but 
then  they  are  marked  enough.  The  interior  of  the  polyp  is  filled  with 
vesiculose  tissue  about  ilie  walls  wirhout  traces  of  lamellEE,  next  comes 
a  zone  in  which  the  vesiculose  tissue  is  combined  with  radia* 
linK  lamellif.  the  vesicular  tissue  itself  becomes  more  regular  in 
arrangement  and  tends  to  combine  in  more  or  less  circular  rings 
around  the  more  central  portions  of  the  polyp.  Near  the  centre  these 
rings  usually  become  suddenly  indistinct  or  entirely  vanish.  In  thi.s 
case  they  represent  the  more  typical  characters  of  the  genus.  In 
adjacent  polyps  the  variation  may  be  more  gradual  and  then  one  of 
the  more  conspicuous  characters  of  the  genus  fails.  In  one  of  the 
numerous  polyps  with  this  compound  structure  which  may  be  taken  as 
typical,  the  diameter  of  the  entire  polyp  is  9  mm;  the  diameter  as  fat 
Its  the  exterior  limit  of  the  area  of  mixed  lamella:  and  vesiculose  tissue 
is  5  mm.  The  diameter  of  ihe  last  easily  seen  ring  at  the  interior 
limit  of  the  vesii  iiLir  tissue  is  2.5  mm.      Lon  ;itudinal    sections    show 
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[■ii-mN  found  in  the  fi;rm  of  casis.  Coralluni  comjmiind.  con 
l>oscd  of  i>r)l>|is  intimaicly  united  by  tlicir  walls.  The  walls  are  pe 
foratcd,  the  pcrforaiions  toiiiiect  the  cells  of  adjacent  polyps.  Th 
ba^e  of  the  corailiiiii  is  (lat;  there  being  no  polyps  here  to  connect  th 


base  of  the  corallum  is  flat;  iherc  being  no  polyps  here  to  connect 
the  casts  show  no  traces  of  connecting  perforations.  This  base  of  the 
corallum  we  know  from  analogy  to  have  been  covered  by  an  epiihecal 
membrane,  but  that  part  of  the  cast  has  not  been  seen.  The  upper 
surface  of  the  corallum  was  broadly  convex.  The  separate  polyps 
were  internally  grooved  longiliidinally.  The  grooves  are  shallow, 
and  rounded,  and  vary  in  number.  There  are  usually  from  25  to  30 
of  them  in  each  polyp  cell,  and  10  to  12  of  these  are  usually  found  on 
that  side  of  the  polyp  which  lies  against  the  epithecal  membrane  in 
basal  polyps.  Between  these  grooves  are  raised  areas  or  ridges,  also 
rounded,  bearing  numerous  low,  round,  pointed  tubercles.  They 
are  so  small  ihat  they  do  not  merit  the  name  of  spines.  These  spines 
may  occur  as  a  single  irregular  series,  or  in  two  or  three  irregular 
series.  Sometimes  they  are  very  irregular  in  arrangement,  at  other 
limes  the  arrangement  in  series  is  very  readily  noticeable.  All  these 
variations  take  place  in  the  same  corallum.  The  earliei*  formed  basal 
cells  are  usually  pressed  more  or  less  out  of  shape  below  on  one  side, 
so  as  to  form  a  pseudobase.  Those  later  formed  have  quite  regular 
polygonal  outlines,  excepting  that  the  side  adjacent  to  the  epithecal 
membrane  is  always  larger  than  the  rest,  biameter  of  base  of  coral- 
lum 29  mm,  A  much  smaller  specimen,  12  mm.  broad  pre.senls  every 
feature  of  the  former  excepting  that  there  is  a  polyp  celt  in  the  centre 
flattened  around  the  very  base  so  that  the  pseudo-base  is  radiably 
striated,  and  the  longitudinal  ridges  .nlong  ihe  cell  walls  are  more 
prominent.     It  seems  however  to  be  merely  a  young  specimen. 

In  1829,  Goidfuss  in  Petref.  Germ,  published  a  fossil  under  the 
the  name  ot  filfurodklyum  proMtmalicum .  This  is  entirely  similar  lo 
the  Australian  species  generically,  differing  however  strongly  in  the 
possession  of  a  tubular  coiled  body  which  is  more  or  less  interwoven 
with  the  base  of  the  coralites.  This  body  is  found  to  be  frequently 
not  present  and  hence  is  regarded  as  only  a  parasitit  organism  and 
hence  not  a  proper  character  of  the  genus. 

In  1842,  De  Koninck  established  the  genus  Miehelinia. 

In  1851,  Edwards  and  Haime  in  Polyp.  Pal.  associated  under 
PUuredietvum  probtematicum  Goidfuss  three  distinct  types.  The  first  is 
that  described  by  Goidfuss.  The  second  consists  of  a  colony  of 
polyps  without  vertical  ridges  or  series  of  tubercles.  The  third  has 
vertical  ridges  but  no  tubercles.     A    fourth    specimen    had    vertical 
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ridges  strongly  marked  ;  wc  do  not  however  know  whether  it  belongs 
to  ihc  first  or  third  types. 

In  1866  Mr.  Rudolph  Ludwig  in  Cor.  atis  Pal.  Form,  divided 
Pleiirodktyum  into  two  genera,  giving  each  a  new  name,  thus  prac- 
tically abolishing  this  genus.  PUhychochartocyclys  contains  those 
forms  in  which  the  interior  walls  of  the  polyp  have  longitudinal  ridges. 
and  these  ridges  are  beset  with  distinct  tubercles.  Taeniochartetyclus 
contains  those  forms  in  which  the  ridges  are  not  beset  with  tubercles 
but  are  smooth.  They  corresiwnd  to  the  first  and  third  types  of 
Edwards  and  Haime. 

In  Kentucky  Fossil  Corals,  Mr.  William  J.  Davis  figures  a  new 
gentis,  Procteria.  The  figures  seem  to  indicate  the  existence  of  mural 
pores  connecting  the  polyps  and  also  of  tubercles  ornamenting  ils 
interior.  An  examination  of  numerous  specimens  show  that  the 
character  of  the  ridges  is  extremely  variable  in  both  tuberculated  and 
nontuberculated  forms,  and  that  ihey  are  often  absent.  At  any  rate 
we  do  not  find  in  the  figure  of  J'/'orA'«'fl  any  thing  to  distinguish  it 
from  PUhyehoihartocyclus,  and  this  is  only  a  synonym  of  P/eurodictyum 
even  if  it  be  indeed  considered  necessary  to  subdivide  the  genus.  Ii 
will  be  therefore  a  matter  of  interest  to  learn  what  ihe  forthcoming 
text  may  have  10  offer  on  that  subject. 

Forms  have  been  referred  to  PUnrodiclyiim  pnililrmnticiiin  frnni 
various  localities  in  North  Ameriia  and  with  .1  range  from  the  Onon- 
daga (Iroup  of  New  York  10  that  of  the  Waverly  Cronj)  in  Ohio.  \\\' 
believe  that  on  study  ihese  would  be  lound  to  belong  to  several  di-i- 
tinrt  species.  Notwithstanding  this  range,  the  large  celled  form?,  of 
<  orals  which  pass  under  the  name  of  Plati-pJUtvitm  arc  usually  typical 
of  Devonian  strata,  nnd  are  (ound  there  most  fre(|uenliy. 

Pkiirodulyiim  h.ts  been  identified  by  Rominger  and  I.indsttiem 
vviih  Fa-.-i'siti-s  and  Afk/ieliiiia.  The  type  of  die  genus  is  more  of  the 
rbar^icter  of  Mkluliiihi.  It  seems  10  us  therefore  that  PIfun.dutyim 
h,is  |irc(i.(lein-e  over  Mkhelinui.  It  cont.iins  typically  the  sjiecics  of 
(;ohlfu^s,  the  first  iy|)ei)f  Hdiv.irds  aiul  Ihiime,  Ptchychvhartorydui 
itiim.'siis.  Li,i/!fi:^.  and  api.arently  the  ProrUria  of  \>.\^U.  If  it  be 
(■r,iisi,k-red  ailmissalile  to  sej.arate  the  forms  without  die  tu berries. 
Ludwig'-;  genus   Taeimxharlncydus  has  the  jireiedeoce. 

Wf  prefer  a)>o  10  ret.itn  the  u.ime  Pleiifodktytim  fi)r  the  Austra- 
lian form  in  parti,  iil.ir.  beciiiM'  (he  ve,i.ul<.se  tissue   of  Mirhelinia  h.is 

of  the 


^ 


genus  Pleurodiftyum  Nicholson's  work.  Pal.  Tabulate  Corals  should 
be  examined.  The  Australian  fossils  here  described  are  part  of  a 
series  kindly  forwarded  lo  us  by  Mr.  John  Mitchell  of  Bowning. 
They  have  all  been  obtained  in  the  district  near  Bowning,  New  South 
Wales,  Australia.  The  fossiliferous  rocks  here  are  all  referred  to  the 
Upper  Silurian  Ur.i:ip  They  form  a  greil  synclinal  bisin  from  east 
lowest.  Near  the  base  of  the  exposed  series  is  a  bed  of  hardened 
greyish-grown  shale  about  50  feet  thick.  This  has  furnished  the 
tribolites  the  first  Wo  %\iti:'Ks  o(  Cyalhophyllum  unAlhe  PIruroJkh  urn. 
Beneath  this  bed  of  shale  is  a  layer  of  limestone  containing  many 
corals.  From  this  we  obtained  Cyalhophyllum  Bolonienst  and  ihe 
Endophyllum.  The  tribolites  are  all  characteristic  Silurian  types. 
The  corals  have  their  nearest  analogues  in  the  Devonian  formations. 
We  find  as.sociated  with  the  tribolites  also  [wo  species  of  Pinnatapora 
or  Glaneoneme,  Gold/iiss.  Species  of  this  genus  usually  occur  in  car- 
boniferous and  sub-carboniferous  strata,  and  are  not  known  to  descend 
below  the  Devonian  series  elsewhere.  It  is  evident  from  these 
remarlcs  that  a  careful  study  of  ihe  fossils  of  this  district  would  be  an 
unusually  valuable  contribution  to  the  study  of  paleontology. 

•  CARBONIFEROUS. 

CHAiNODtCTVUM  i.AxuM,   FoersU. 

Siuce  the  first  pulilicalion  of  this  species  we  have  obtained  good 
casts  of  the  porifous  face,  This  shows  that  the  cell  orifices  are  elon  ■ 
gated  and  arc  arranged  in  oblique  rows  across  the  branc'ies ;  their 
partition  walls  appear  at  the  surface  as  more  or  less  wavy,  usually  in 
osculating  strix.     Two  or  three  cells  occupy  the  widlh  of  a  branch. 

McCoy  in  Garb.  Foss.  Ir-land,  published  ReUpora  undala  with 
the  following  description  :  "Irregularly  cup-shaped,  interstices  anas- 
tomosing, flattened  ;  fenestrule  ovate,  jiointed  at  one  end  ;  poriferous 
face  with  five  or  six  rows  of  pores  in  quincunx  ;  reverse  with  waved 
or  scale  like,  semicircular  ridges.  This  species  we  have  seen  Irom 
Kildare  and  identify  with  our  genus.  The  lunate  cross  striations  on 
the  reverse  side  are  also  conspicuous.  The  cell  apertures  are  sim- 
ilarly elongated  and  bordered  by  raised  ridges.  Compared  wtih  our 
species  however   the    branches  are  much  coarser  and  broader  ;  being 
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I  usually   a  miHiinetre  ^  or  slightly  more )    wide,  whereas  the  branches 
k.of  the  American  species  have  a  width  of  .3  to  .38  mm. 


LI.UM    PROFUNl 


Edwards  and  Haime, 


(- 


-) 


I  In    1851,    Edwjrd?   and    rfaime  published  in  Polyp.  Terr.  Pal  , 

tinder  the  name  of  Cyathaxonia  profunda  *  a  descripiion  of  a  c0r.1l  col- 
lected al  Flini  Ridge,  Ohio,  which  curiously  enough  was  overlooked 
in  preparing  the  catalogue  of  Flint  Ringe  fossils  for  the  second  vol- 
ume of  this  bulletin. 

Curiously  enough  l»oth  Rdwnrds  and  Haime,  and  McChesney 
refer  their  species  to  Cyathaxonia.  after  Lophophyllum  had  been 
ilready  established.  To  us  indeed  the  two  genera  seem  to  be  very 
distinct,  but  there  is  no  doubt  thai  the  species  htre  under  considera- 
tion is  far  more  closely  allied  to  Lephophyllum  Konineki  than  10 
Cyathaxonia  eomu,  the  ty|>es  of  the  two  genera.  In  deference  to  the 
opinion  of  those  who  have  made  a  special  study  of  these  genera  wc 
leave  them  separate,  and  refer  our  specii's  to  Lophophyllum  as  is  tht 
American  custom  at  iin'seiit.  We  lieiieve  however  the  L.  proliferum 
is  only  one  of  the  riiany  vanitions  iif  Z,  profunda,  and  should  giie 
Tilare  to  the  laiier  n^imc. 


n 
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PLATE   XIII. 

Fig.  I.     Phacops  serratus^  «,  sp :  the  head  accidentally  removed  a  li  tie    from 

the  thorax  in  the  rock. 
Fig.  2.     Efh'rinurus  Miichelli^  n.  sp,  part  of  the  head  missing 
Fig.  3.     Encrinurus  jMitchelU^  n.  sp :   a  fragment,  showing  the  large  tubercles 

at  the  dorsal  furrow  of  the  head  ;  a  typical  specimen. 
Fig.  4.     Luhas  Halii,  n  sp. 

Fig.  ^.     'Microdiscus punctiUus  Salter  ;  head,  Museum  Com.     Zoology,      Har- 
vard Univ. 
Fi^.  6.     Sphaerexoctuis  mirus^  Beyrich  ;  a  glabella  and  fixed  cheek. 
Fig.  7.     Emrinurus  Bowm'ngi,  n.  sp.  glabella  and  fixed  cheeks. 
Fig.  8,     Lichas  Trentoiunsis^  Conraii :  head,  outline,  Mus.  Comp.  Zool. 
Fig.  9.      Cyathophyllum  patttUiy  n.  sp  ;   a   cross-section   of  unusually  wrinkled 

form. 
Fig.  10.    Cyathophyhum  patula^  n,  sp  ;  the  lower  side  of  two  polyps. 
Fig.  II.   Cyathophylluin patula^  n.  sp.  \  ?i  few  lamellae  enlarged. 
Fig.  12.   Cyathophyllum  ausiraU  n.  sp.  the  exterior   of  the  calyces  seen  from  a 

cast,  partly  restored. 
I^^S*  ^3*   CyaihophyllumaustraUn.  sp\   a  cast. 

Fig.  14.    Cyathophyllum  austraU  n.  sp\  2l  few  lamellae  and  grooves  enlarged. 
Fig.  1 5.    Cyathophyllum  Boloninense.,  BlainvilU ;  a  cross-section. 
Fig.  16.   Endophyllum  {sphongophylloides  ?)  a  cross-section. 
Fig.  17.   Etidophyllum  ;  the  same,  a  vertical  section. 
Fig.  18.   Siromhotdes  py^^urus^   Rommgcr ;  part   of   a   cornllum    collected  by 

Mr.  John  Van  Cleve. 
Fig.  19.   Encrinurus  punctatus^  Bruns7vick  ;  a  European  specimen,  figure  taken 

from  the  woi^k  Fr.  Schmidt,  on    East  Baltic  Silurian    Trilobites. 
Fig.  20.    Encrinurus  Mitchelli^  n.  sp  ;  a  moveable  cheek. 
Fig.  21.   Lichas breidccps ^  Hall^  JValdron.     Indiana,  Mus.     Comp.     Zool. 
Fig.  22.   Plettrodictyuni probUmaticum^  Goldfuss?     View   of  base  of  casts,    the 

epitheca  being  gone. 

ERRATA. 

Page  12  2,  instead  oi  Encrinurus  Brcnc ningi  rt^d  E.  Boumingi. 
Page  132,  instead  of  Spongopylloids  read  Spongophylloides. 
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Ouifils  complete  for  Schools  of  Industrial  Training — Lathes  for 
Wood  or  Metal.  Circular  Saws,  Scroll  Saws,  Formers.  Morlisera, 
Tenoners,  etc.  With  them  a  Practical  journeyman's  Trade,  in  wood 
or  metal,  can  be  actjuired.     Illustrated  catalogue  free.     Address 
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